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LEARNING AND MOTIVATION IN THE 
IMMATURE RAT 


By WiLLiAM A. RoBERTS, Vassar College 


The role of the brain in learning may be studied in various ways. One 
is to compare the learning of normal animals with that of animals whose 
brains have been altered surgically. A second is to study the functional 
correlates of naturally occurring differences in brain-structure. The nat- 
ural differences may be among adult animals at different phylogenetic 
levels, or among animals of the same species, but at different ontogenetic 
levels. 

The -neurosurgical and phylogenetic approaches have already yielded 
results which suggest that differences in braim-structure may give rise to 
qualitative differences in the learning process! For example, experiments 
on habit-reversal and on probability-learning revealed quite distinct modes 
of adjustment in rat and fish: in experiments on habit-reversal, the rat 
shows progressive improvement, but the fish does not; in experiments on 
probability-learning, the fish shows random matching, but the rat doesee 
not.? That the cortex plays an important role in these differences is sug- 
gested by comparing the performance of normal and extensively decorti- 
cated rats: in visual (although not in spatial) problems, the results for 
operated rats resemble those for the fish. The experiments reported in 


* Received for publication April 10, 1965. This paper is adapted from a doctoral 
dissertation submitted to Bryn Mawr College. The author is indebted to Professor 
M. E. Bitterman, who directed the research, which was supported by Grant MH- _ 
02857 from the National Institute of Mental Health. 

ae E. Bitterman, Phyletic differences in learning, Amer. Psychologist, 20, 1965, 
396-410. 

^M. E. Bitterman, Jerome Wodinsky, and D. K. Candland, Some comparative 
psychology, this JOURNAL, 71, 1958, 94-110. 

R. C. Gonzalez, W. A. Roberts, and M. E. Bitterman, Learning in adult rats 
with extensive cortical lesions made in infancy, this JOURNAL, 77, 1964, 547-562. 
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this paper were designed to explore the ontogenetic approach to the rol 
of brain-differences in learning. Habit-reversal and probability-learning 
in immature rats were studied, and the results were compared with tho 
obtained in experiments with adults. 


Data on learning in rats of different ages are, of course, to be found in the 
literature, but previous investigators have, with few exceptions, been interested 
not in the emergence of new capabilities, but in quantitative improvement in learn 
ing with age—improvement in the rae of learning. Rats of different ages have b 
ttained in mazes, problem- and discriminative-boxes, and their time-, trial-, 
error-scores compared. These experiments have shown no simple relationship be: 
tween age and speed of learning. The results have often been contradictory, andi 
the investigators often surprised to find better performance in immature animals 

> than in adults. The superiority of young animals usually has been explained in 
terms of drive rather than of learning. 

Using problem-boxes which tequired animals to depress a series of platforms inj 
a particular sequence to be admitted to a goal-compartment containing food, Stone 
found that 30-50 day-old rats learned to depress the correct platforms faster than 
adult rats.‘ The difference was attributed to the greater activity of the immature 
animals, which led them to chance upon the correct platforms sooner than the 
adults, This interpretation was supported by two other findings: the total number 
of platforms stepped on was higher in the young rats than in the adults, and dif- 
ferences in time disappeared when the drive-level of the adults was increased. 

Studies of maze-learning have yielded particularly inconsistent results. Using a 
circular maze, Hubbert found that 25 and 65 day-old rats learned faster than adult 
animals in terms of time, trials, and errors" Liu studied rats ranging from 30-250 
days of age in a Carr-maze which required the animals to choose from among a 
number of parallel pathways. Speed of learning increased as age increased from 
30-75 days, and decreased thereafter. It is interesting to note that the incidence of 
forward entrances into culs decreased with age, while the incidence of retracing in- 
creased with age. Liu attributed this result to a tendency of the younger animals to 


~a eded more cautiously. Liu's findings were contradicted by the results of an experi- 
ment by Stone, also with the Carr-maze' Stone found that 4-48 mo.old rats 


* C. P. Stone, The age factor in animal learning: I. Rats in th ] E 
the maze, Genet. Psychol. Monogr., 5, 1929, 1-130. 4 spes pue 


*H. B. Hubbert, The effect of age on habit formation in the albi h 
More z DE No ^s » rmation in the albino rat, Behav, 
. Y. Liu, The relation oi age to the learning ability of th i S fe 5 
Prychol 2302 5M ig ability of the white rat. J. comp 
Stone, op, cit., 1-130. 
* Stone, op. cit, 1-150; The age factor in animal learning: II. 


light discrimination box and a difficult maze, Genet. Psychol. 
125-202. 


Rats on a multiple - 
Monogr., 6, 1929, 
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with a maze in which the Ss alternately ran two patterns which required opposing 
sequences of turns; although no animal completely mastered the problem, the rate 
of error-elimination was greater in animals of 51-90 days than in animals of 161- 
605 days, 

Ontogenetic comparisons of discriminative learning have shown either no différ- 
ence in performance or a progressive decrement with increasing age. In a series of 
six experiments with a multiple-unit light-discriminational apparatus, Stone studied 
learning in rats ranging from 31-770 days of age" On each trial in this apparatus, 
S was confronted with a series of five choice-points, each offering a choice between 
a lighted and an unlighted pathway. In the first five experiments, with the lighted 
pathway correct, no age-difference was found. In the sixth experiment, rats of 51, 
246, and 770 days were reversed after having learned to choose the lighted path- 
way. Although the original problem had not differentiated among these groups, the 
number of trials and the number of errors to criterion in the reversal were found 
to increase with age. That this result could be attributed to differences in drive 
was suggested by the fact that adults trained under high drive learned faster than 
those trained under low drive. Two recent studies also have shown better per- 
formance in young animals than in adults. Fields found that 30-90 day-old rats 
learned five serially presented discriminative problems faster than 450-480 day-old 
rats." D'Amato and Jagoda, training 30, 60, and 90 day-old rats deprived of water 
for 23 hr. to enter the illuminated arm of a Y-maze with water as reward, found 
that trials to criterion increased significantly with age." i: 

One investigator who did look for some qualitative differences in the intelligence 
of immature and adult rats was Maier.” Maier used the three-table problem to study 
reasoning in 50-75 and 120 day-old rats, While both groups scored above chance, 
the performance of the adults was markedly superior tQ that of the younger ani- 
mals, and Maier concluded that the capacity to combine isolated past experiences 
develops with age. 


Because differences in drive are confounded with differences in age, 
and because speed of learning varies with drive, no satisfactory answer 
has been found to the question of whether the speed of learning changes 


with age, and a similar difficulty is encountered in the search for qualita- ` 


tive age-differences in learning. Suppose, for example, that progressive 
improvement fails to appear in a habit-reversal experiment with young 
rats, Is it to be concluded that the young rats lack the reversal-capability 
of adults, or that *hey have the capability, but do not manifest it because 
they have been tested under relatively unfavorable conditions of drive? 
Questions of. the same sort arise in phylogenetic comparisons, and they 


? Stone, op. cit, Genet. Psychol. Monogr., 6, 1929, 125-202. 
"p, E, Fields, The "i factor in multiple-disctimination learning by white rats, 
J. kemb; physiol. Psychol., 46, 1953, 387-389. 
R. D'Amato and H. Jagoda, Age, sex, and rearing conditions as variables 
in imple RS discrimination, J. comp. physiol. Psychol, 53, 1960, 261-263. 
?! N, R. F. Maier, Age and intelligence'in rats, J. comp. Psychol, 13, 1932, 1-6. 
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may be dealt with in ontogenetic comparisons in the same way as in 
phylogenetic comparisons. While there is at present no way to equate 
drive in animals of different ages (as there is none to equate drive in ani- 
mals of different species), equation of drive is not necessary for the con- 
clusion that differences in performance are not due merely to differences in 
drive. Suppose that we vary drive in the immature animal over a wide 
tange and still fail to find progressive improvement, despite the fact that 
work with adult animals yields improvement over a wide range of drive- 
levels. It then becomes quite unlikely that the difference in performance 
is due to a difference in drive. Any other variable confounded with age 
can, like drive, be controlled by the method of systematic variation, In 
“the present experiments with immature rats, drive was varied from the 
outset to check on the possibility that any differences in performance which 
might appear were due to differences in drive. 


EXPERIMENT I 


Since no adequate technique for manipulating drive,in immature rats 
was available, the first step was to develop one. Manipulation of body- 
weight, the technique commonly used with adults, seemed unfeasible, and 
the possibilities of prefeeding were therefore explored. (The method of 
prefeeding has been used successfully with the fish, for which the 
manipulation of body-weight also is unfcasible.)?* In the present experi- 


ment, the effects of prefeeding were measured in terms of the time taken 
to traverse a runway leading to food. 


Subjects, The $s were 18 immature male and female albino rats of the CF-Nelson 
strain, born in the laboratory and weaned at 20 days of age. 


» While the width of the goal- 


the runway 62.5 in. long, and the 
goal-box 11.5 in. long. : 


Starting latencies and running times were measured with two Standard Electric 
Timers. At the start of each trial, $ was placed in the staring box, When S was 


oriented toward the door, E raised the door manually. Opening the starting box 
door operated a microswitch which started the first timer, When $ broke a light- 


" Bitterman, Toward a comparative psychology of learni 
15, 1960, 704-712, SE 2a 


R. M. Eskin and M. E. Bitterman, Fixed-interval and fixed-rati f i 
the fish as a function of prefeeding, this JOURNAL, 73, 1960, 417-408. nánce " 


Amer. Psychologist, 
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beam 6 in. beyond the door, the first timer stopped (providing a measure of latency) 
and the second timer started. When S$ broke a second light beam 56.5 in. beyond the 
first beam, at the entrance to the goal-box, the second timer stopped (providing a 
measure of running time). To prevent retracing, a translucent Plexiglas door, lo- 
cated 9.5 in. before the entrance to the goal-box, was closed manually after $ had 
entered the goal-box. Reward was found in a round food-cup fixed to the floor at 
the rear of the goal-box. 

Procedure. After weaning, the animals were fed 45-mg. Noyes pellets ad lib for 
30 min. twice a day at 12-hr. intervals. At each feeding, a rectangular box made of 
fine-mesh wire-screening was placed inside the animal's home-cage, and the animal 
ate from a food-cup containing a measured number of 45-mg. pellets. In this way, 
no pellets could fall through the bottom of the cage, and the animal's total intake 
could be calculated by subtracting the number of pellets remaining at the end of ! 
feeding from the number originally given. 

After two days of this procedure, the experiment began. There were two ses- 
sions per day, at 12-hr. intervals, In each session, each animal was prefed a certain 
number of pellets, then was given runway-training, and half an hour afterwards was 
fed ad lib on pellets. The amount each animal was prefed varied from session to 
session, being either 5%, 25%, or 50% of the total number of pellets consumed in 
the previous session. The animals were divided into three subgroups of 6 each. 
Within each group, each animal experienced all three prefeeding-conditions over a 
block of three sessions, the order of prefeeding-values being counterbalanced over 
Ss, Each group went through seven prefeeding cycles of three sessions each. 

Two of the experimental groups were given one runway-trial per session, Out 
of an interest in the effects of amount of reward on the performance of the imma- 
ture rat, the size of reward was varied. The Ss of one group always received 25% 
of the number of pellets consumed in’ the last sesfion, while the Ss of the other 
group received only 5% of the previous session's intake. The third group of Ss was 
given 10 massed trials per session and received one pellet per trial in the goal- 
box. The animals were kept in a gray detention-box during the 1-min. intertrial 
intervals. 


Results. Since latencies and running-times both showed essentially the,« 
same relationships, they were summed to make total-time scores, which 
were converted to logs fof purposes of statistical analysis, Over cycles, 
log time decreased in a negatively accelerated manner for all groups, 
reaching an asymptote by about the fourth cycle. In Fig. 1, mean log 
time is plotted as a function of percentage-prefed for all seven cycles 
combined. In all three groups, log time increases as percentage-prefed 
increases, The large-reward group has slightly lower time-scores than the 
small-reward group at the high and low prefeeding values, but the two 
groups do not differ at the intermediate prefeeding value. An analysis of 
variance based on the spaced-training data yields a significant Cycles-Effect 
(F = 37.75, with 6 and 60 df) and a significant Prefeeding-Effect 
(F = 3.82, with 2 and 20 df). Amount of reward is not a significant 
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effect (F « 1.00), and none of the interactions is significant. Orthogo 
comparisons between pairs of prefeeding-values show that neither 
difference between 596 and 2596 nor the difference between 2596. 
5096 is significant. For the massed training data, analysis of variance 
reveals a significant Cycles-Effect (F = 30.06, with 6 and 30 df) and | 
significant Prefeeding-Effect (F = 13.90, with 2 and 10 df). The inter 
action does not approach significance (F < 1.00). Orthogonal compari 
sóns show a significant difference between the 5% and 25% prefeeding 
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values (F — 7.02, with 1 and 10 df) and a significant difference between 
**2596 and 50% (F = 6.87, with 1 and 10 df). 
In Fig. 2, within-sessions plots are provided for the massed-training - 
groups in terms of log time averaged over all seven cycles. None of the 
Curves shows a clear rising or dedining trend over trials, nor do the 
effects of prefeeding seem to be more marked in one portion of the curves 
than in another. This evaluation is substantiated by an analysis of variance 
which shows an insignificant Trials-Effect (F = 1.09) and an insignifi- | 
cant Trials x Prefeeding interaction (F = 1.02, with 18 and 90 df). — 
Tt is clear from these results that reliable manipulation of drive, as 
measured by locomotion in the runway, can be produced in the immature 
rat by prefeeding different amounts of food. While the Prefeeding-Effect 
appeared both with spaced and with massed training, it was more marked. 
with massed than with spaced training, since the massed condition showed 
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significant differentiation between adjacent prefeeding-values and the 
spaced condition did not. When massed training was given, furthermore, 
the effect of differential prefeeding was constant over trials within sessions. 
The failure to find a significant effect of amount of reward on runnimg 
time is in contrast to results for the adult rat, which typically is found 
to run faster to large rewards than to small rewards. It is possible, how- 
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ever, that wider variation in amount of reward might produce a like effect 
in the immature rat. 


EXPERIMENT II 


In the se¢ond experiment, criterion-reversal of a simultaneous visual 
discrimination was studied in the immature rat. To control motivation, the 
work was done with three different schedules of prefeeding. 


Subjects. The Ss were 15 immature rats of both sexes, bred from stock of the 
CF-Nelson strain. They were raised in the laboratory from birth and weaned at 20 
days of age. A 

Apparatus. The apparatus consisted of a scaled-down model of the modified 
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Lashley jumping stand used in the Bryn Mawr laboratory for adult rats. The 
entire apparatus was made of wood and was painted flat gray. An elevated starting 
platform, 2.5 in. wide and 5.5 in. long, branched into two pathways, each 2.5 in. 
wide and 5.75 in. long, which led to two windows, each 2.5 in. wide and 5 in. 
high. The windows were 1.5 in. apart and were separated by a triangular partition 
which projected outward 2.5 in. The windows opened into a rectangular goal-com- 
partment, 8.5 in. wide and 10.25 in. long. At the back of the goal-compartment, 
a circular food-dish was fixed to the floor. During experimental training, stimulus- 
cards were placed in the windows, While the incorrect card was locked in place, 
the correct card could be pushed over, admitting the animal to the goal-compart- 
ment. 

Preliminary training. From 20-24 days of age, the Ss were fed 45-mg. pellets 
4d lib for 30 min. twice a day at 12-hr. intervals. During Days 21-24, preliminary 
'training was conducted prior to each feeding session. On Day 21, the animals were 
adapted to handling. On Day 22, the animals were allowed to eat pellets from the 
food-dish in the goal-compartment. Days 23 and 24 were used for training the 
animals to push over stimulus-cards, The animals first ran down the pathways through 
open windows into the goal-compartment, where one 45-mg. pellet was provided as 
reward. Mid-gray cards were then placed upright at the back of the goal-compart- 
ment and were gradually moved forward on successive trials until they were flush 
with the windows. All animals learned rapidly to push the Cards over and were 
responding readily*by the end of preliminary training. Neither of the cards was ever 
locked in place during this procedure. 

Procedure, After preliminary training, the animals were divided into three groups 
of 5 Ss each, approximately matched on the basis of adjustment to preliminary. 
training and position-prefegences. 

At 25 days of age, experimental training was begun. Each animal first learned a 
simultaneous black-white discrimination to a criterion of 90% correct choice or 
better in a single experimental session, Each session consisted of 10 massed trials, 
and there were two sessions per day at 12-hr. intervals. On each trial, the animals 
found a black card in one window and a white card in the other window, their 
lateral positions reversed from trial to trial according to Gellermann-orders.® A 
»modified correction-procedure was used. After making an incorrect response, S was 
picked up, returned to the starting platform, and allowed to make another choice. 
After three repetitive errors on one trial, $ was manually guided to the correct- 
stimulus on the next run. Each trial, therefore, was terminated by a correct re- 


three experimental groups, the 


in each group, the black card was correct. When the original problem had been 


i were reversed and the animal 
teversals were learned by each 


The three experimental Broups were trained under different levels of drive. The 


^L. W. Gellermann, Chance orders of alternating stimuli in vi: iscriminati 
: > s 
experiments, J. genet. Psychol., 42, 1933, 206-208. is RR eelas ination 
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prefeeding technique developed in Experiment I was used to establish high-, me- 
dium-, and low-drive states in the three groups. The High-Drive Group was prefed 
5% of the previous session’s total food-intake before every training session, the 
Medium-Drive Group was prefed 25%, and the Low-Drive Group was pied 
50%. 


Results. In Fig. 3, the performance of the three groups is plotted in 
terms of median initial errors per reversal. All three drive-groups make 
about the same number of errors on Reversal 0. In the early reversals, 
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FIG. 3. CRITERION -REVERSAL PERFORMANCE IN SIMULTANEOUS VISUAL 
DISCRIMINATION AT THREE LEVELS OF DRIVE 


. 
errors increase in all three groups, the increase being much greater in the 
High-Drive Group than in'the Medium- and Low-Drive Groups. There- 
after, all of the curves decline progressively until, by the final reversals 
(at which point the animals are 80-120 days old), initial errors have fallen 
to the same low level in all groups. An analysis of variance based on initial 
errors yields a significant Drive-effect (F = 4.27, with 2 and 12 df), a 
significant Reversals-Effect (F = 13.38, with 20 and 240 df), but an insig- 
nificant Reversals X Drive interaction (F = 1.12, with 40 and 240 df). 
Orthogonal comparisons show that the difference between the High-Drive 
Group and the combined Low- and Medium-Drive groups is significant 
(F = 8.30, with 1 and 12 df), but the difference between the Low-Drive 
Group and the Medium-Drive Group is not (F < 1.00). 
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In Fig. 4 the course of learning over the first four sessions of each 
reversal is plotted for successive blocks (A, B, C, and D) of five reversals, — 
For purposes of plotting these curves, an animal which had reached cri- 
terion in fewer than four sessions on a Biven reversal was assigned an 
etror-score of zero for the remaining sessions. At each drive-level, we have ' 
a family of essentially parallel curves closely resembling those obtained 
in work with the adult rat by Gatling!* and by Bitterman, Wodinsky, 
and Candland.i* 

“One interesting finding of this experiment is that high levels of motiva- 
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tion impair the performance of immature rats in habit-reversal. Unfortu- 
nately, there ate no comparable data for adult rats. Another interesting 
finding is that improvement in habit-reversal did not appear unti] the 
ninth reversal, when the average age of the animals was 61 days or more. 
In the experiment of Gatling*® and of Gonzalez, Roberts, and Bitterman’? 
on criterion-reversal learning in adult tats, improvement was evident by the 
third reversal. While the conditions of the adult-rat experiments differed 
in many respects from those of the present experiment, the possibility of 
an ontogenetic difference should be considered. It might be hypothesized, 


“F, P. Gatling, The effect of repeated stimulus reversals ing i 
J. comp. physiol. Psychol., 45, 1952, 347-351, on learning in the rat, 
* Bitterman, Wodinsky, and Candland, op. cit., 94-110, 
* Gatling, op. cit., 347-351. 
? Gonzalez, Roberts, and Bitterman, of. ĉit., 547-562, 
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for example, that the capacity necessary for improvement does not develop 
in the rat until about 60 days of age. An alternative explanation of these 
results is that the immature rat possesses the capacity necessary for im- 
provement but requires much more experience with habit-reversal than the 
adult rat before improvement is manifested. The latter hypothesis can, 
of course, be tested by increasing the amount of reversal experience given 
the immature animals before they reach the age of 60 days. 

Finally, it should be noted that, when improvement does appear in the 
immature rat, it seems to take exactly the same form as in the adult rat. 


EXPERIMENT III 


In this experiment, habit-reversal was studied under conditions different: 
from those used in Experiment II. Its purpose was to determine whether 
improvement could be made to appear at an earlier age than in Experi- 
ment II. Since the relatively late improvement found in the previous ex- 
periment might have been due to the small number of prior reversals, the 
animals were reversed daily in the present experiment, which provided a 
great deal more “experience with reversal in a given number of calendar 
days. 1 

A second purpose of this experiment was to compare simultaneous re- 
versal with successive reversal and with spatial reversal. Interest in the 
simultaneous-successive comparison was stimulated by the work of Gon- 
zalez and Shepp with adult rats;?? They found progressive improvement 
in both problems, beginning with the fifteenth reversal, but the rate of 
improvement was faster in the successive problem than in the simultaneous 
problem. The adult rat also has been found to show more marked im- 
provement in spatial problems than in simultaneous problems.?* Gonzalez, 
Roberts, and Bitterman, investigating the course of criterion-reversal learns 
ing in cortically ablated adult rats in simultaneous, successive, and spatial 
problems, found progressive improvement in spatial and successive prob- 
lems but no improvement in the simultaneous problem.?? These results 
suggested that the immature rat might show improvement much more 
readily in spatial and successive problems than in simultaneous problems. 

In this experimept, simultaneous and successive reversal were studied at 
each of two drive levels—high and medium—the levels that produced the 


?' R. C. Gonzalez and Bryan Shepp, Simultaneous and successive discrimination- 
reversal in the rat, this JOURNAL, 74, 1961, 584-589. 

?! Bitterman, Wodinsky, and Candland, op. cit., 94-110. 

? Gonzalez, Roberts, and Bitterman, op, cit., 547-562. 
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Subjects. The Ss were 28 immature male and female albino rats of the CF-Nelson 
strain, raised in the laboratory from birth and weaned at 20 days of age. q 

Apparatus. The apparatus was the modified jumping stand used in Experiment II, 

Procedure, The preliminary training was exactly the same as in Experiment II, 
except that there was only one feeding-session per day, each S eating 45-mg. pellets 
ad lib for 1 hr. After preliminary training, the Ss were divided into five groups. 
The four visual groups, each containing 6 Ss, were designated Simultaneous-High- 
Drive, Simultaneous-Medium-Drive, Successive-High-Drive, and Successive-Medium- 
Drive. A fifth (Spatial) group, made up of 4 Ss, was trained on a spatial problem 
under the high-drive condition. The five groups were matched on the basis of adjust- 
ment to preliminary training and position-preferences. 

' At 25 days of age, the Ss were trained on Reversal 0, with 30 massed trials by 
the cortection-and-guidance procedure of Experiment II. The simultaneous groups, 
encountered the same stimulus-conditions as those used in Experiment II, the white. 
card being correct for half the Ss in each group and the black card correct for the 
other half. The successive Broups encountered either two white cards or two black 
cards on each trial; they were rewarded for choosing the left-hand member of one 
pair and the right-hand member of the other pair. The two pajrs of cards used in 
each problem were presented in accordance with Gellermann orders, For half of 
the Ss in each successive group, black-right and white-left were correct in Reversal 
0, while, for the other half of the Ss, black-left and white-right were correct, Of 
the Spatial Ss, two were trained with a pair of white cards, while the other two 
were trained with a pair of black cards; for one animal in each pair, the right card 
Was correct in Reversal 0, ‘while left was correct for the other two animals. 

At 26 days of age, all Ss were reversed for the first time (Reversal 1). Simul- 
taneous animals previously rewarded for response to white, now were rewarded for 
response to black; successive animals previously rewarded for response to white-left 
and black-right, now were rewarded for response to white-tight and black-left; 
Spatial animals previously rewarded for response to left, now were rewarded for 
response to right; and so forth. At 27 days of age, the animals were reversed again 
(Reversal 2), and so on, each day, until the visual animals had been reversed 70 
times and the spatial animals 25 times. 

After each daily session, the animals were fed ad Ib for a period of 1 hr. Immedi- 
ately before each session, the high-drive and medium-drive animals were prefed 
5% and 25%, respectively, of the number of pellets eaten on the previous day. 


Results. The performance of the visual groups is shown in Fig. 5. The 


ate than the medium-drive curve. 
Broups are reversing quite well, 
* errors per reversal. By contrast, 
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the successive animals show very little improvement until Block 11, at 
which point the high-drive curve begins to decline. Analysis of variance 
yields a significant Problems-effect (F = 14.26, with 1 and 20 df), 
a significant Blocks-effect (F = 27.68, with 13 and 260 df), and a 
significant Blocks x Problems interaction (F = 10.32, with 13 and 260 
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df). The effect of drive is not significant (F < 1.00), and none of 
the other interactions approaches significance (F < 1.00). 

In Fig. 6, the performance of the Spatial Group in 25 reversals is 
plotted in terms of median errors per reversal. There it can be seen that 
improvement occurs quite early, the curve closely resembling that for the 
adult rat. 

Fig. 7 shows the course of within-reversals improvement on each of 
these three problems. Mean initial errors are plotted for six-trial blocks, 
with blocks of 10 reversals as the parameter for the successive and simul- 
taneous problems, and blocks of five reversals as the parameter for the 
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spatial problem. For the visual problems, the data for the high- and 
medium-drive groups are combined, since the effect of drive was not 
significant. Looking first at the spatial problem, we find marked within- 
reyersals improvement in the very first block of reversals and in each suc- 
ceeding block. The first two points of these curves show parallel improve- 
ment over reversals, while at the final points the curves tend to merge due 
to the fact that performance is essentially errorless. These curves are identi- 
cal to those plotted for the adult rat by Bitterman, Wodinsky, and Cand- 
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land.?* The simultaneous problem also yields an orderly family of curves, 
that for each consecutive block of reversals being lower than the pre- 
ceding one. The pattern is much the same as that found for simultaneous 
criterion-reversal in Experiment II (Fig. 4), although within-reversals 
improvement is relatively slight for the first three blocks of reversals 
(Reversals 1-30). In the last four blocks (Reversals 31-70); the curves 
are steeper, indicating more marked improvement within reversals. The 
curves for the successive problem show little within- or between-blocks 
improvement until the last block or two (Reversals 51 


" —70), when clear- 
cut improvement begins to appear. 


* Bitterman, Wodinsky, and Candland, op. cit., 94-110, 
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Several aspects of these data require comment. First, although high 
drive retarded reversal-learning when each reversal was carried to criterion 
in Experiment II, drive had no significant effect on daily-reversal. Why 
drive should operate differently in the two kinds of experiment is yn- 
known. Secondly, progressive improvement in spatial reversal appeared 
early, just as it does in adult rats. The hypothesis was suggested previously 
that immature rats do not develop the capacity for progressive improve- 
ment before about 60 days of age, but it now appears that this hypothesis 
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must be restricted to visual problems. Different results for visual and 
spatial problems are a familiar feature of comparative experiments.” 
Third, although the improvement of immature animals was much more 
striking in the simultaneous problem than in the successive, the adult 
animals of Gonztles and Shepp improved more rapidly in the successive 
problem than in the simultaneous problem. This result suggests that the 
basis of the'successtve discrimination is different in immature and in adult 
rats. 

Fourth, improvement in visual reversal seemed to appear much later in 
immature rats than it does in adults. In the simultaneous problem, the 
immature rats did not show clear improvement until they were 55-60 days 


% Bitterman, The evolution of intelligence, Scient, Amer., 212, 1965, 92-100. 
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old, the same age at which improvement began to appear in simultaneous. 
criterion-reversal, although the daily-reversal animals had substantially © 
more experience with reversal by that time. With the successive problem, © 
there was no indication of improvement until the animals were about 75 
days of age; such improvement as did occur was minor and could be 
found only in the high-drive animals. Much more rapid improvement in 
adult rats was found by Gonzalez and Shepp, whose animals, trained on 
20-trial daily reversals, showed improvement both in the successive and in 
the simultaneous problem beginning with about the fifteenth reversal.25 
While the present results, together with those of Experiment II, suggest 
that the capacity for progressive improvement in visual reversal does not 
‘exist in very young rats, another possibility must be considered. A com- 
parison of the between- and within-reversals curves for Experiment III 
shows that improvement over reversals is highly correlated with improve- 
ment within reversals. The early improvement between reversals in the 
spatial problem is paralleled by marked within-reversals improvement - 
on the first five reversals. In the simultaneous problem, progressive im- 
provement does not appear for the first 30 reversals, and the corresponding ^ 
within-teversals curves show only slight declines; in the following re- 
versals, these curves become steeper, and progressive improvement ap- 
pears. The same relationship is apparent for the successive problem. While 
daily reversal in the visval problems increased experience with reversals, it 
also restricted the number of trials devoted to each reversal with the result 
that little within-reversals learning occurred in the early stages of the ex- 
periment. It might be expected, then, that progressive improvement might 
appear much earlier in a daily-reversal experiment in which enough train- 
ing was given on each reversal to insure clear within-reversals learning. 


EXPERIMENT IV 


In Experiment IV, one group of immature rats was reversed daily in a 
simultaneous problem with 60 training trials per reversal. On the chance 
that a more palatable reward might produce earlier improvement, the re- 
ward for these animals was wet mash instead of pellets. To unconfound 
number of trials per reversal and kind of teward, a second group of 
immature animals was trained with 30 trials per reversal (as in the pre- 
vious experiment) and wet mash as reward, 


Subjects. The Ss were 10 immature male albino rats of the Wistar strain. They 
were brought into the laboratory at the age of 21 days. Preliminary training was 
begun immediately. 


3 Gonzalez and Shepp, op. cit., 584-589. 
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Apparatus, The apparatus was the modified jumping stand used in Experiments 
II and III. 

Procedure. 'The preliminary training was exactly the same as in Experiment II. 
The Ss were fed 45-mg. pellets ad lib for 30 min. twice a day at 12-hr. intervals. 
Experimental training began when the animals were 25 days of age. Throughéut 
this experiment, all the animals were trained at high drive; there was no prefeeding 
prior to the training sessions. The animals were rewarded on each trial by being 
allowed to nibble wet mash for a few seconds from a glass dish at the rear of the 
goal-compartment. 

There were two experimental sessions in each day. In the first training session of 
Day 25, all Ss were trained for 30 trials on the black-white simultaneous problem 
with white correct for 4 Ss and black correct for the other 6 Ss. On the basis of 
the number of initial errors made on these trials, the Ss were assigned to two groups 
of 5 Ss each which were roughly equal in total errors, the white card having been 
correct for 2 Ss in each group and the black card for 3 Ss in each group. One 
group was designated the 30-trial Group and the other was designated the 60-trial 
Group. The 30-trial Group was trained for only 30 trials per day (in the first ses- 
sion of each day). The 60-trial Group was trained for 30 trials in the first session 
of each day and for 30 additional trials in the second session 12 hrs. later. Both 
the 30-trial and 60-trial groups were allowed to eat ad lib for 30 min. twice a day 
(half an hour aftef each training session). This procedure was followed each day 
with the correct stimulus being reversed daily for a total of 56 daily reversals. 


Results. In Fig. 8, the performance of the two groups is plotted in 
terms of mean initial errors per reversal. The 60-trial Group shows marked 
negative transfer from the original problem (Regersal 0) to Reversal 1, 
followed by a steady decline in the curve indfcating progressive improve- 
ment in habit-reversal. The results for the 30-trial Group are rather differ- 
ent, The curve for this group remains essentially flat, showing no pro- 
gressive improvement in 50 reversals, A Groups X Reversals analysis of 
variance yields a significant Reversals-effect (F =4.04, with 50 and 400 
df), a significant Groups-effect F = 15.61, with 1 and 8 df), and æ 
significant Groups X Reversals interaction (F — 2.86, with 50 and 400 
df). 

Within-reversals learning curves are presented in Fig. 9 for the 60- 
trial Group. Improvement within reversals is apparent in the very first 
block of 10 reversals (Curve A) and in all the succeeding blocks. Within- 
reversals plots for he 30-trial Group, which are not presented, show a 
series of essentially flat curves that do not differ from each other. Again, 
improvement over reversals does not occur in the absence of within- 
reversals improvement. 

It is clear from these results that the immature rat is capable of pro- 
gressive improvement in the simultaneous problem at an early age if 
enough experience with reversal and enough training on each reversal are 
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given. That the progressive improvement of the 60-trial Group can be 
attributed to the number of training trials and not to the change in kind 0 
teward is shown by the failure of the 30-trial Group to show impro 
ment. In fact, these results for the 30-trial Group taken together w 
those of Experiment III suggest that the wet mash may retard progressive 
improvement, although the feeding schedule, which was confounded with 
the kind of reward across the two experiments, may be responsible. 

» One question left unanswered by these results is whether the immature 
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rat is capable of progressive improvement in the successive problem. In 
Experiment III, there was little im 
even after 70 daily reversals, but there was also little within-reversals — 
learning. Furthermore, the conditions of the experiment were not optimal — 
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progressive improvement in the successive problem, that is, under the 
conditions of contiguity and noncontact which favor a configurational 
solution, and with a large number of training trials on each reversal, 


EXPERIMENT V 


Experiment V is concerned with probability-learning in the immature 
rat. The ontogenetic study of probability-learning is suggested by the 
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Fic, 9. WITHIN-REVERSALS PERFORMANCE IN SIMULTANEOUS DISCRIMINATION 


FOR THE 60-TRIAL GROUP 
' 


results of previous phylogenetic studies and by studies of decorticated 
adult rats. While the normal adult rat typically shows maximizing or non- 
random probabilitymatching, the fish, the pigeon, and the cortically-de- 
prived rat all have shown random matching? These results are partially de- 
pendent upon the type of discriminative problem which is studied; while 
the fish shows random matching both in visual and in spatial problems, 
the pigeon and the operated rat show random matching only in visual 


?' Bitterman, op. cit., Scient. Amer., 212, 1965, 92-100; op. cit, Amer. Psychologist, 
20, 1965, 396-410. 
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problems. In the present experiment, therefore, both visual and spatial 
problems are used. Drive again is systematically varied. 


Subjects. The Ss were 20 immature albino rats of both sexes, bred from stock 
the CF-Nelson strain. They were raised in the laboratory from birth and wean 
at 20 days of age. 

Apparatus, The apparatus was the modified jumping stand used in previous ex- 
periments. t 

Procedure. The preliminary training was the same as in Experiment III. At the 
end of preliminary training, the animals were divided into four matched groups ol 
5 Ss each. Two of the groups were trained on a simultaneous visual discrimina! 
while the other two groups were trained on a spatial discrimination. One group 
on each problem was trained under high drive, and the other two groups were 
trained under medium drive. 

At 25 days of age, all animals were put on a 70:30 problem, the majority-stims 
ulus being reinforced on a random 70% of trials, and the minority-stimulus bei 
reinforced on the other 3095 of trials. In the visual problem, there was a black 
card in one window and a white card in the other window, with the lateral ar 
rangement of the cards reversed from trial to trial in accordance with Gellermann’s 
tules. For 3 Ss in each drive-group, the white card was the 70% stimulus; for the 
other 2 Ss, the black card was the 70% stimulus. In the spatial problem, 3 Ss in 
each drive-group encountered two black cards ‘on each trial; the right card was the” 
70% stimulus for two of the Ss, and the left card was the 70% stimulus for the 
other S. The other 2 Ss in each drive-group encountered two white cards, the right 
card being the 7095 stimulus for one S, and the left card for the other. Pure guid- 
ance was used in this experiment: when an animal made on incorrect response, it 
was returned to the starting platform and manually guided to the correct stimulus 
(with no opportunity for repetitive error). Each trial thus ended with a correct 
response and reinforcement. One session of 20 trials was given each day. After 12 
days on the 70:30 problem, the spatial groups were trained for eight more days on 
a 50:50 problem. The visual Ss were trained for 20 days on the 70:30 problem: 
and then were given 10-15 days of training on a 50:50 problem. 

a There was 1 hr. of ad lib feeding half an hour after each daily training session. 
Immediately before each training session, the high-drive and medium-drive groups 
were prefed 5% and 25%, respectively, of their total intake on the previous day. 


Results. In both the spatial and visual problems, the percentage of trials 
on which the 70% stimulus was chosen increased in negatively accelerated 
fashion from about 50% on Day 1 of 70:30 training to about 100% at 
asymptote. The spatial curves reached asymptote by the seventh day of 
training, while the visual curves did so in 14 days. Table I shows the per- 
centage choice of the 70% stimulus in the last 100 trials of 70:30 train- 
ing. All animals tended to maximize, both in the spatial and visual prob- 
lems, and under both levels of drive. After being shifted to the 50:50 
problem, each animal was trained until performance stabilized once more. 
Performance on the last 100 trials of 50:50 training is shown in Table I. 
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All the spatial animals, except one in the high-drive group, continued to 
choose the 70% position of the previous problem on nearly 100% of the 
trials; the exceptional animal reversed its initial preference, making all but 
one of its responses to the previously 30% stimulus. In the visual groups, 
3 Ss in the high-drive group and 2 Ss in the medium-drive group continued 
to choose the previous 70% card in the 50:50 problem, while the other 
5 Ss fell into position-habits (P). These results give no hint of an onto- 
genetic difference in probability-learning. 


E 
SUMMARY 


In the first of a series of five experiments, a prefeeding technique was 
shown to afford control of hunger in the immature rat as measured by 


TABLE I 


PERCENTAGE OF TRIALS ON WHICH THE MAJORITY-STIMULUS WAS CHOSEN IN 
THE Last 100 Trrats or 70:30 TRAINING AND IN THE Last 100 TRIALS 
or SuBSEQUENT 50:50 TRAINING 
(P means response to one position on more than 90% * trials in the visual problem.) 


Spatial e Spatial Visu; Visual 

(high drive) edt drive) (high at « (medium drive) 
S 70:30 50:50 S 70:30 50:50 S 70:30 50:50 S 70:30 50:50 
1 100 100 6 98 99 11 90 D 16 98 ^P 
2 98 93 7 99 100 12 99 95 17.552002: 597. 
3 100 1 8 100 100 13 96 P 18 % P 
4 100 100 9 99 97 14 994 *94 19 99 95 
5 100 100 10 100 89 15 s 95 20 94 P 


speed of locomotion in a runway. This technique then was used to ma- 
nipulate drive in the subsequent experiments on habit-reversal and proba- 
bility-learning. The main results of these experiments were: (1) In cri- 
terion-reversals of a simultaneous visual discrimination, significantly more, 
errors were made at high drive than at low or medium drive, but per- 
formance did not vary with 'drive in daily-reversals. (2) Immature animals 
showed early progressive improvement both in spatial and in visual re- 
versals. (3) A daily-reversal experiment with immature animals showed 
more rapid progressive improvement in a simultaneous than in a successive 
visual problem. (4), In probability-learning, immature animals maximized 
both under visual and spatial conditions. 
The difference in rate of improvement in the simultaneous and succes- 

sive problems was the only finding which suggested a qualitative difference 
in the learning of immature and adult rats. 


ROLE OF THE OTOLITH ORGANS IN THE 
> PERCEPTION OF HORIZONTALITY 


By EARL F. MILLER, II, and ASHTON GRAYBIEL, 

U. S. Naval School of Aviation Medicine, Pensacola, Florida 
Man within the earth's gravitational field needs to depend very li 
upon his gravireceptors to orient himself visually with ease and precisi 
so long as adequate visual cues are present: When, however, only no 
visual cues are available, the position of man with respect to gravity 
comes a critical factor in his visual localization of the direction of thi 
force.” For example, tilting the head (body) axis normal to the uprighi 
results typically in gross deviations in judgments of the phenomenal verti 
cal (or horizontal) and in instability (rotary autokinesis).9 The cause o 
causes of these perceptual changes has never been satisfactorily explained; 
Common use of such general terms, as proprioceptive and postural (cues); 
points up our limited knowledge of the specific nonvisual mechanis 
underlying man's perception of space. 

In the present experiment, an attempt was made to determine the in- 
fluence of the vestibulas (otolithic) component of the proprioceptor group; 
of cues upon the perception of horizontality. The fact that the Aubert 
illusion* and its variants’ have been reportedly? observed by certain deaf 


* Received for publication February 16, 1965. Conducted under the sponsorship 
ence Programs, National Aeronautics and Space Administra: 


£ ber die vertikale Ri 
i cit., 109-244; Kleint, op. 
Op. cit., 915-919. 


* Aubert, op. cit., 381-393. 
*G. Alexander and R. Bárány, 
Bedeutung des Statolithenapparates 


Psychophysiologische Untersuchungen über die 
für die Orientierung in Raume an Normalen 
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Ss by no means proves that the labyrinths do not influence this perception. 
A search for qualitative differences in illusory response between normal 
and labyrinthine defective Ss must rest on the assumption that the vestibu- 
lar apparatus is solely or predominantly the cause of the illusion. An alter- 
nate approach, and the one used in the present study, is to test for signifi- 
cant quantitative intergroup differences in visual orientation based upon 
nonvisual cues. 


€ 
METHOD 


Subjects. Nine normal men, 17 to 32 years of age, and 10 bilateral labyrinthine- 
defective (L-D) men, 20 to 43 years of age, served as Ss. All normal Ss were stu- 


TABLE I 


CLINICAL FINDINGS AND RESULTS OF FUNCTIONAL TESTS OF AURICULAR ORGANS 
IN Ss WITH LABYRINTHINE DEFECTS 


Deafness History Hearing Caloric Test* Counter“ 
S ge - - rolling 
etiology age of motion R L R L index 
onset sickness (Cl) 


ST 20 meningitjs 123yr. Car Bust <130db <<135dv Negi Neg 117 
N None "None Nes Ne 30 
Xi4sdb <145db Weg? Neg — 8» 


GU 2 . Noni 

HR 29 meningitis 13yr Small boat} None None Neg Neg 53 
LA 23 meningitis 6yr, None S115 db <110db None None 109 
ZA 20 meningitis 3iyr. — None S135 db <130db None None 36 
JO 34 meningitis 7iyr. None None None ^ None None 176 
MY 25 8yn None None None None None 82 
DO 43 itis 13yr. None None None None None 74 
PE Aag 3yr — None None — None — None —5 — 85 


* Observable nystagmus when tympanum irrigated with cold water (4.5-6°C); numerals refer to nystag- 
mographic findings: ! verticalnystagmus(?); ?nystagmus(?); * minimal nystagmus; * “blink” nystag- 
mus; 5 not tested. 

Nausea. 
Malaise, 


dents, 7 from medical schools. Three of the L-D Ss were instructors and 7 were 
students from Gallaudet College; all were deaf and had lost the function of the 
semicircular canals. The clinical findings and results of functional tests of auricular" 
sensory organs of the L-D group are presented in Table I. The Ss were by design 
separated into two groups according to whether or not they possessed functional 
integrity of their vestibular organs as determined by caloric irrigation, nystag- 
mography, and counterrolling (Table I). Several of the L-D Ss revealed some 
residual function of*the otolith organs (Counterrolling Index, Table I), but in 


pag Taubstummen, Z.*Psycbol., 37, 1904, 321-362, 414-457; Müller, op. cit, 109- 
244. 

* H. Feilchenfeld, Zur Lageschätzung bei seitlicher Kopfneigung, Z. Psychol., 31, 
1905, 127-150; Alexander and Bárány, op. cit, 187-192; M. H. Fischer, Messende 
Untersuchungen über die Gegenrollung der Augen und die Lokalisation der schein- 
baren Vertikalen bei seitlicher Neigung des Kórpers, Kopfes und Stammes: III. 
Mitteilung. Untersuchungen an einem Ertaubten mit Funktionsuntüchtigkeit beider 
Vestibularapparate und einem einseitig Labyrinthlosen. Von Graefes Arch. Ophthal., 
123, 1930, 509-531. 
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each case it was substantially less than in any of the normals.’ An attempt was made 
to select Ss with similar age, intelligence, level of education (college), and good 
general health that differences in perception attributable to factors other than vestibular 


would be minimized. 
o 


INVERTED 
POSITION 


Fic. 1. DIAGRAM OF THE APPARATUS USED TO DETERMINE THE LOCA- 
TION OF THE VISUAL HORIZONTAL WITH THE S IN AN UPRIGHT, 
RECUMBENT, AND INVERTED POSITION 


Apparatus, The apparatus used has been described previously and is depicted in 
Fig. 1 along with the assumed positions? With head inverted, the S rested on foam 
rubber supports at his mid.section and shoulders with his’ legs braced against a 
footrest. A 

The target, placed about 1.5 m. from S's face, consisted of a narrow luminous line 


7 Miller and Graybiel, A comparison of ocular co: i 
, r terrolling movements between 
normal persons and deaf subjects with bil labyrinthine 
Pac ep A, dues with bilateral labyrinthine defects, Ann. otal, 
* Miller and Graybiel, op. cit., 915-919. 
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broken at the center to form a star that could be rotated about its central point 
either by the S or E. The rotary position of the star to the nearest 0.25? relative to 
true horizontal was indicated on a dial which was completely shielded from the S's 
view. A lamp containing a 75-w: bulb was used to light the interior of the cubicle 
which contained several strong vertical and horizontal contour cues; similarly, tn 
the inverted position the overhead room light illuminated the whole interior of the 
room which contained numerous spatial cues. When these lights were turned off, 
only the luminous star-target was visible. 

Communication between the S and E was accomplished by voice or light signal 
and between E and recorder by an electronic sound-system that was inaudible to 3. 
A vibrator device applied to the fingers of the L-D Ss was used by the E for signal- 
ling purposes. 

An electronic timer provided the signal every 2 sec. in the continuous setting 
method for recording the position of the target. 

Procedure. The experiments were carried out in a dark room where S was (1) 
seated, (2) lying on his left side, or (3) with his head inverted. For the first two 
conditions the room contained an inner cubicle in which $ was positioned. Two 
tasks were assigned: (1) E offset the luminous line, and $ was required to re- 
position it coincident with his apparent horizontal; (2) S was required to maintain 
the luminous line at horizontal throughout the entire experimental period. Task 2 
always followed "Task 1 and both tasks were used in each of three positions. A rest- 
period of at least and usually much more than 1 hr. was requifed when the head 
(body) position was changed. In each position, $ was adjusted for adequate comfort 
and rigidity. The target was placed in S's fronto-parallel plane and directly before 
his right eye; his left eye was occluded by an opaque patch. Every S was retested 
on a separate day by both tasks in the upright and recugnbent positions. 

Single settings. With background objects illumineted, E offset the star and sig- 
nalled $ to restore it to horizontal. During the offset, the star was not illuminated 
in order to eliminate any cues that might result from viewing the rotation of the 
stat. S$ was carefully instructed to regard the "star" target as a remote object dis- 
associated from himself when judging its position. $ signalled each time he had 
reset the target to its apparent horizontal. Ten offsets with 10 subsequent settings 
to the horizontal were made. No time limit was imposed. This method was then, 
repeated with the background lights turned off. 

Continuous settings. When E initially offset the unilluminated star, the back- 
ground lights were turned on so that $ was visually oriented to his surroundings, 
On signal, the star was illuminated, and S set the star immediately and as quickly 
as possible to its subjective horizontal. He attempted to maintain it in this position 
by continuous adjustments whenever necessary during the entire test-period. The 
position of the star to, the nearest 0.25° was recorded every 2 sec. throughout each 
test-session in’ which the background was rendered alternately light for 2 min, and 
dark for 5 min, Three such light and dark cycles followed by a single light period 
constituted a test-session (23-min. duration) in the erect and recumbent positions. 
For the more uncomfortable inverted position, the test was shortened to 16 min. 
by eliminating one dark and light period. 

The lag in the corrective response of the Ss to perceived spontaneous inclinations 
of the star from apparent horizontal previously had been found to be approximately 
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RESULTS 


"Single Settings. Since each S in all head (body) positions consistent] 
localized his apparent horizontal close to the physical horizontal whei 
present, no statistical inquiry into test-reliability undej 


visual cues were 


TABLE II 


INTRA- AND INTER-TEST RELIABILITY FOR BOTH GROUPS OF SIN TH 


Position 


Upright. 
Left Side 


AND RECUMBENT Positions 


E UPRIGHT 


Reliability coefficients of judgments based 


upon nonvisual:cues 


Ss 
Session I Session II — Session I vs, II 
(odd vs. even (odd vs. even (all trials) 
trials*) trials*) 
Normal 79 .90 .29 
86 -90 -16 
Normàl .91 93 .33 
-D .68 77 .28 


Suh P. Guilford, Psychometric Methods, 1936, 418-419. 


Witkin, The nature and importance of individu: 


al differences in perception. 


etween perception and Personality: A Symposium. Part II, J. 


9, 145-170. 


op. cit., 109-— 
ugen und die 
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To gain a more reliable representation of an individual's ability to 
judge the horizontal, values obtained in both sessions were combined for 
the intergroup comparisons (Table III), Magnitude without regard 
for direction (average error) of inclination of phenomenal horizontal 
with respect to physical horizontal was used as the dependent variable. In 
the upright and inverted positions, settings tended to vary in both the 
clockwise (+) and counterclockwise (—) direction from true horizontal; 
in the recumbent position, settings were always counterclockwise (—), 


TABLE III 


INTERGROUP COMPARISONS OF AVERAGE SETTINGS IN EACH. Heap (Bopy) Posi- 
TION WITH AND WITHOUT VISUAL BACKGROUND CUES 


Average setting background Difference in 
Position Ss average 
illuminated dark setting* 
Upright Normal 1.22+0.53 1.39:-0.72 0.17P not sig. 
L-D 0.83:-0.27 2.62+0.99 1.78P «0.01 
diff. 0.39 1.23 
É P «0.10 «0.01 
Recumbent Normal 1.6340.48 . 17.78:8.38 16.25P «0.01 
L-D 1.63:-0.57 29.67+7.82 * 28.04P «0.01 
L-D diff. 0.10 11.89 5 
P not sig. «0.01 
Inverted Normal 1.28+0.99 3.6141.91 2.33P <0.01 
L-D 1.02+0.55 3.9441.99 2.92P «0.01 
diff. 0.26 0.33 e 
P not sig. not sig. 


* Tlluminated versus dark background. 


counterbalancing the illusory shift of phenomenal horizontal in the in- 
vatiable Aubert direction. 

The /-test of significance in intergroup differences in mean absolute. 
settings (Table III) revealed that, when visual cues were present, the two 
groups were on the average similar and extremely accurate in visually 
localizing the horizontal. Significant intergroup differences in this per- 
ception were fougd, however, in the upright and recumbent positions 
when vision was restricted to the line target. When upright, the L-D Ss, 
unlike the nprmals, «were significantly less accurate in their settings after 
the visual background was eliminated. In the recumbent position, both 


Lokalisation der scheinbaren Vertikalen bei seitlicher Neigung (des Kopfes, des 
Stammes und des Gesamtkórpers): I. Mitteilung: Neigungen bis zu 40°. Von 
Graefes Arch. Ophthal., 118, 1927, 633-680; Graybiel and Brant Clark, Perception 
of the horizontal or vertical with head upright, on the side, and inverted under static 
aeons and during exposure to centripetal force, Aerospace Med., 33, 1962, 
147-155. 
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groups were significantly and markedly affected by the background change 
but more importantly the L-D group suffered a significantly greater [o 
in ability to localize the horizontal, In the inverted position, both group 
showed a smaller but significant decrement in performance with the p 
moval of visual cues, but no significant intergroup difference was found 

Continuous settings. The results obtained by almost continuous monita 
ing of the visual localization of horizontal are graphically portrayed in Fig 
2 through 7. Data obtained in the original test-session are plotted as 


toe Se auraa 
tins 2. PERCEPTION oF THE HORIZONTAL ny NORMAL Ss PLACED IN AN 


MM AS ^ FUNCTION oF TIME AND VISUAL FRAMEWORK 
(Alternate shaded and white strips denote intervals in which the back- 
was darkened and illuminated, respectively.) 


in the case of the single settings, often reveal considerable changes in the 
perceived magnitude and sometimes direction of the illusion, 
The time-course pattem of the illusion, as determined by the almost 
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continuous method of recording, was qualitatively similar for all the Ss 
in the present experiment and closely resembled the findings of a previous 
study." The target was localized accurately with little variability in each 
of the three head (body) positions as long as visual cues were presente 


position (Fig. 2), the target, after a certain lag period, appeared to move 
slowly away from physical horizontal and to oscillate, This perceived 
oscillatory movement of a target about its center has been termed rotary 


Fw. 5. PERCEPTION oF THE HORIZONTAL sy LABYRINTHINE- Derecrive 
Se PLACED IN AN Urmiont Posrmow at A FUNCTION oF 
Time ano Vuar Peamewors 
(Alternate shaded sad white sti yrs ders ons ia which di back 
ground was darkened end illuminated, respectively.) 


autokinesis.^ The general performance of the normal Ss positioned up- 
tight was relatively unaffected by the successive alternation of a dark and 
illuminated background. On the other hand, the over-all performance of 
the L-D Ss in this position is clearly more dependent (Fig. 3) upon the 
visual background, The accurate and fixed localization of the horizontal 
sharply contrasts with the increased error and with rotary autokinesis mes- 
sured during the illuminated and dark background intervals, respectively 


* Miller amd Geaybiel, op. cir. 915519. 
Ma 915519. A 
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The dependency of the L-D Ss upon visual cues for accurate judgments 
creases in the recumbent position (Fig. 5) and is evident toa lesser ext 
in the inverted position (Fig. 7). A qualitatively similar and significan 
segular change in performance as a function of visual framework was 
found in the normal $s when recumbent (Fig. 4) and inverted (Fig. 


TIME IN MINUTES 


TIME IN MINUTES 


Fic. 4. PERCEPTION oF THE HORIZONTAL By NORMAL Ss 
PLACED IN A RECUMBENT POSITION AS A FUNCTION OF 
TIME AND VISUAL FRAMEWORK» z 
(Alienate shaded and white strips denote intervals in which 
the background was darkened and illuminated, respectively.) 


Examination of Figs. 2 through 7 reveals considerable inter- and intra- 
group differences in perception of horizontality using nonvisual cues, The 
majority of L-D Ss in the upright and recumbent position would appear to. 
manifest greater error than the normal 5s. When comparing results of th: 1 


2 [ 
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L-D and normal Ss in a recumbent position, it should be noted that the 
size of the ordinate scale in Fig. 5 relative to Fig. 4 is reduced almost one- 
third. Intergroup differences in performance in each of the three head 


APPARENT TILT OF LINE IN DEGREES 


TIME IN MINUTES TIME IN MINUTES IME IN MINUTES 


FiG. 5. PERCEPTION OF THE HORIZONTAL BY LABYRINTHINR- 
DEFECTIVE Ss PLACED IN A RECUMBENT POSITION AS A 
FUNCTION OF TIME AND VISUAL FRAMEWORK 

(Alternate shaded and white strips denote intervals in which 

the background was darkened and illuminated, respectively.) 
(body) positions were tested by the Mann-Whitney statistic (U-test) ^ 
All the Ss were ranked according to the average over-all magnitude of 
error as judged by inspection. In the upright and recumbent positions, some 
overlap in the distribution of the normal and L-D Ss was found, but 
statistically the groups were significantly different at the 0.02 level (up- 
right) and 0.025 level (recumbent). In the inverted position, the con- 
siderable overlap of the groups in rank order yielded no statistical inter- 
group difference. 

DISCUSSION 


Individual performances in each of the three head (body) positions 


? Donavan Auble, Extended tables for the Mann-Whiteny statistic, Bull. Inst. educ. 
Res., 1, 1953, No. 2. 
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with the visual background illuminated proved that basically every 

quite capable of making precise adjustments to the horizontal whe 
quate cues were available. For this reason the intergroup differences 
in the present study would appear to be most logically explained 
difference in cues for visual orientation furnished by the vestibular or, 
(probably the otoliths). Other factors,2° obviously, would be involved 
contributed to the variability among Ss within each group, but none 


APPARENT TILT OF LIN 


BIN ELS m 
TIME IN MINUTES TIME IN MINUTES 
Fic. 6. PERCEPTION OF THE HORIZONTAL BY NORMAL Ss PLACED IN 
AN INVERTED POSITION AS A FUNCTION OF TIME AND 
VISUAL FRAMEWORK 
(Alternate shaded and White strips denote intervals in which the - 
round was darkened and illuminated, respectively.) 


account for the significant intergroup differences, The presence of some 
residual otolith function as revealed by the counterrolling index in ce 
L-D Ss could have acted to reduce these intergroup differences.1? 
When upright, the normal Ss showed no dependence upon a visual 
framework for precise localization of the horizontal as did the L-D 55 
The latter, deprived of visual and normal otolithic cues, however, sti 


* Witkin, op. cit, 145-170, 1949; C. W. Mann and R. O. Boring, The role of 


instruction in experimental Space perception, USN Sch, Aviat. Med. Proj. Rep: 
Pensacola, Florida, 1952. 


? Miller and Graybiel, Op. cit., 885-893. 
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were relatively accurate in their settings compared to the recumbent posi- 
tion. In the recumbent position, both groups perceived Aubert's illusion to 
a marked extent, but the magnitude of the illusion was significantly less 
in the normal Ss. When the head and therefore the otolith apparatus was 


TIME IN MINUTES TIME IN MINUTES 


Fic. 7. PERCEPTION OF THE HORIZONTAL BY LABYRINTHINE-DEFEC- 
TIVE SS PLACED IN AN INVERTED POSITION AS A FUNCTION OF 
TIME AND VISUAL FRAMEWORK 
(Alternate shaded and white strips denote intervals in which the 
background was darkened and illuminated, respectively.) 


inverted, a small yet significant increase in constant error was measured 
for both groups with no significant intergroup differences. 

The interesting fact that the judgment of horizontality (or verticality) is 
relatively accurate ip the head down position has been reported previ- 
ously for normal? and "labyrinthless' Ss.1° Unlike in the erect and re- 


? Aubert, op. cit., 381-393; Nagel, op. cit., 373-398; Fischer, Messende Unter- 
suchungen ueber die Gegenrollung der Augen und die Lokalisation der scheinbaren 
Vertikalen bei seitlicher Neigung des Gesamtkérpers bis zu 360^: II Mitteilung. 
von Graefes Arch, Ophthal, 123, 1930, 476-508; Graybiel and Clark, op. cit, 

7-155. 

? Fischer, op. cit., 509-531. 
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cumbent head positions, according to the “inward shearing” and press 
theories of otolith stimulation,2° the utricles of the otolith organs in tl 
inverted head position could not be stimulated physiologically. If 
vtricular component only is involved in this perception, one would expe 
the normal and L-D Ss in this study to perform in a similar fashion, sim 
their judgments would be based apparently upon cues common to bot 
groups. According to counterrolling data, however, the saccules of 
otoliths would be active in man under these conditions.2 Other expel 
mental evidence is not so clear-cut. The oculogravic illusion, a specifi 
indication of otolith function, was found in the head down position ii 
one study but not in another.?? The difference in those two studies in 
position of the S’s body with respect to his inverted head might expl 
this discrepancy. Since, in the present study, no significant intergroup 
differences were found in the inverted position, it might be assumed tha 
either the saccules in this particular position do not influence the pe! 
tion of the horizontal in any appreciable way or that the saccular 
ponent was functionally intact in all Ss, a possibility which was not 
vestigated, —— . 2 


n eyes produced by head tilt with resp 
1962, 479-501; F. H. Quix, De Functie 

1921, 2670-2673; The function of the ves 
n of the otolithic apparatus, J. Laryng., 
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SUMMARY 


The influence of the sensory organs of the inner ear on man’s ability to 
align a visual target with the physical horizontal was measured by a dis- 
crete and a continuous method of setting. Both test-methods yieldéd 
similar results under all test-conditions. When visual background cues 
were present, settings of the luminous line target to the horizontal were 
quite accurate in the 9 normal and 10 labyrinthine defective (L-D) Ss 
placed in three positions: upright, recumbent, and inverted. Removal of 
empirical visual cues revealed, particularly in the recumbent position, that 
qualitatively all the Ss perceived the typical lag in onset, relatively slow 
rotation to the maximal illusion, and rotary autokinesis. Quantitatively, 
however, there were significant intergroup differences. When upright, the 
normals were able on the average to maintain their accuracy while the 
L-D Ss deviated significantly in their settings. Both groups of Ss in the 
recumbent position perceived the Aubert illusion, but the magnitude of 
the illusion was considerably less in the normal group. When inverted, 
both groups weres less accurate in the dark but no significant intergroup 
difference was found. In spite of the fact that there was ‘some overlap in 
the group distributions of settings obtained in the upright and recum- 
bent positions, indicating other factors were involved, the intergroup per- 
ceptual differences are best explained as an effect of loss of otolith func- 
tion in the L-D Ss. It was concluded that thg otolith organs in man act 
to increase his accuracy in egocentric visual localization at least in the up- 
right and recumbent positions. 


CUE-RESPONSE CORRELATIONS IN THE ATTAINMENT 
. OF A SCALAR CONCEPT 


By Hirosi Azuma, University of Tokyo, and 
Lee J. Cronsacu, Stanford University 


The usual study of concept attainment involves a classificatory concept. 
E divides a collection of stimuli into two classes on the basis of the presence 
or absence of certain characteristics, and S is asked to discover the "concept" 
or basis for classification. A smaller number of studies have employed a 
scalar concept. E assigns a scale value to each stimulus in the collection by 
applying some rule to the numerical values of selected attributes; $ is asked 
to learn to rate stimuli on this scale. To succeed on the classificatory prob- 
lem, $ has to determine which of the attributes are relevant and what con- 
junctive or disjunctive combination of attribute-values js common to the 
positive instances of the concept. To succeed on the scalar problem, 5 has to 
identify relevant attributes and find a way of combining the information into 
an estimate of the scale-value assigned by E. One might regard the classifica- 
tory problem as requiring a response on a two-valued scale; each response is 
either right or wrong. From this point of view, the scalar concept is a more 
general case, 

The present study examines how Ss use multiple cues in solving a scaled- 
concept problem. The desired response to each stimulus corresponds to a 
weighted sum of certain cue-variables. $ is required on each trial to estimate 
the scale-value assigned to the stimulus by the (unknown) rule; he is then 
told the correct value. 

The earliest research of this character, by Smedsl st 
Bevenei' descipion of the way Ss combine ems e perpe corpi 
displayed two (or three) pointers whose directions changed from trial to trial. E 


«Received for publication May 28, 1964. This is based i j dis- 
serution submitted to the University of Tlinois by Asuma Ia 1960, pew 
pared under direction of Professors L. J. Cronbach and L M. Stolurow’ ‘The 
authors were at the University of Illinois. Support from the Bureau of Educational 
acknowledged. 
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trial by sliding a knob along an unmarked scale; to 
moved the knob to the setting that represented the predetermined value of 4, More 
recently, Summers and Uhl studied performance on 
stimuli defined by three cues and required $ to learn to estimate a $ defined as a 
weighted sum of the cue-values. 

In none of these studies did $s fully solve the problem, although their estimates 
of 4 did improve to some extent as training continued. Shepard notes that tasks 
requiring Ss "to combine factors in subjective decision problems" are usually 
difficult, and comments as follows: 


i 
i 

E 

E 


On the level of the perceptual ape do nra 
markable ability to i the responses of a vast number of receptive elements 
srovling "t exceedingly 


analysis by means pf cue-response correlations. Smedslund, for example, on each 


block of trials in turn, correlated the scale-values selected by $ with the settings if 
one of the pointers, using this as an indication of the extent to which $ was relying 
on that coe at that point in training. Cues that were assigned equal by E, 
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processes, and for a time such writers as Smedslund and Bruner found no need 
distinguish a perceptual interpretation from deliberate problem-solving.’ Bruns 
himself, however, made a sharp distinction, seeing "ratiomorphic behavior” 
copiplexly mediated and perceptual behavior as a simple composite based 
cue-validity * 


This study will describe the way Ss improve in a relatively simple fo 
attribute task. Particular interest will attach to a comparison of the cut 
response correlations, which fit the behavior to a linear model, with th 
Ss’ verbal descriptions of the processing rules they are using at the end of 
training. T 

METHOD 


Task. A collection of stimuli was prepared, each consisting of a circle and a 
cross located in a 2.5-in. square frame (Fig. 1). In reporting, we refer to 


Fic. 1. SAMPLES OF STIMULI EMPLOYED 


coórdinates of the circles as x' and J’, and those of the cross as x” and y”. Each ol 
these parameters takes on one of four values (0.5, 1.0, 1.5, and 2.0, in inches from 
the left or bottom margin) with equal probability. No numerical values were gi 
on the figures displayed to S, but $ was given a sheet displaying the four stand 
stimuli described in Table I. $ was told that the stimulus-patterns varied will 
respect to some unknown property $, and that he was to learn to judge the -valu 
for each figure. The standard figures, he was told, were ranked in order of 4-value 
with A having the smallest value and D the largest. He was asked to respond 
each training stimulus by telling which of the standard stimuli it was most alike 
A-value, responding A, B, C, or D. The standard stimuli were unlike any of th 
training or test-stimuli, and gave information as to the differential relevance ol 
the four codrdinates, 

The 128 training stimuli were presented in a booklet, 


€ 1 r six to the page. $ was t0 
circle his choice on a four-choice answer sheet mounted i; 


n an SRA ‘self-scorer’ 


s J. S. Bruner, J. J. Goodnow, and G. A. Austin, A Study of Thinking, 1956, 231. 


Compare, for example, the "digital" vs “analo e" cesse: iller, 
Eugene Galanter, and K. H. Pribram, Plans and [s b Debano 1960, 91908 
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then to punch a hole at that point. If his response was correct, this exposed a colored 
spot. If his first choice was wrong, he continued punching, without circling, until 
he located the correct response. A pace of 2 min. per page was suggested. The Ss 
were told, however, that 10 min. extra would be allowed for those who lagged 
behind this pace. After Ss had completed the training booklet, a second (test) 
booklet of 64 stimuli was presented. $ responded to these without feedback. At the 
end of the test, § was asked to write the rule or hunch used to estimate &. 

For purposes of analysis, the stimuli were classified into overlapping blocks of 
32; Block 1+2 consists of Trials 1—32, Block 24-3 of Trials 17—48, and so on 
up to Block 7--8 (Trials 97—128). Within each half-block of 16 trials, each possi- 
ble combination of x’ and x" appeared once. Values of y' and y" were so chosen 
that the four parameters were essentially independent. Within each block of 32 trials 
four stimuli appeared twice, to provide information on the stability of response. 

E had defined & as the weighted average (2x" -+ x")/3. Since the values of this 
average for the standard stimuli were 0.6, 1.0, 1.5, and 1.9 respectively, the 
answers A, B, C, D, were correct for ks in the intervals 0-0.8, 0.8-1.25, 1.25-1.7, 


TABLE I 
SPECIFICATIONS OF STANDARD STIMULI 
(in in 
Standard Coirdintes true TEM 

figure m y! x" y" 
A 6 E 6 8 
B 1.0 8 1.0 1.2 
c 1.5 1.3 1.5 1.7 
D 1.9 1.7 *1.9 2.1 


and 1.7.2, respectively, (Since all weighted averages ended in 0.00, 0.33, or 0.67, 
there were no borderline values.) Because of the broad grouping, $ could estimate & 
correctly if he combined x' and x" with any weights between 1:1 and 3:1. The 
correlation of the parameters with the rounded & values were as follows: x’, 0.84; 
x", 0.45; y', 0; y", 0. 

Our task was designed to be easier than Smedslund's. These differences may be" 
noted: Our stimuli vary in four dimensions, two of which are irrelevant. No noise 
is introduced into feedback. Our stimulus variables are closely related, phenomenally, 
to the scale used for responding. The most striking departure of our task from those 
of Summers and Uhl is the presence of irrelevant cues. 


Subjects. Sixteen students in psychology were the Ss. They served to fulfill a 
Course requirement. e 


RESULTS 


Method of analysis, The data consist of the A, B, C, or D response 
given by each S to each one of 128 training stimuli and 64 test-stimuli. 
These response-values were replaced by numbers for statistical treatment. 

Our first analysis followed Smedslund and others in calculating the 


Li 
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product-moment correlation of x’, y’, x" and y" with S's response, there 
being one correlation on each trial. These are the correlations Uhl refers 
to as "criterialities." Since the parameters varied independently, these cor- 
relations are proportional to the beta weights of the cues in the linear 
regression equation that predicts S's response. The correlation of S’s re- 
sponse with & (a measure of accuracy) was also calculated for each block. 
As an index of stability of response, the difference between S’s two re- 
sponses to each pair of repeated items was determined and the four such 
differences in each block were added without regard to sign. 


Learning as indicated by cue-response correlations, Table II presents 
two examples of individual results, $}, attained perfect performance in the 


TABLE II 


LEARNING Rxconps or Two Ss 
Correlations of S’s response with characteristics of the figure 


Figure Learning blocks* Test blocks 
cittactaistts o1t2 243 344 445 546 647 748 142 243 3+4 
LO: Pd 23-51 
Sis y" =.05 M 106 .10 «(119 15 08 00 —01 — 112 
Criterion & 18 0.56 74 81 88 .84  .88 — 1.00 1.00 1.00 
Stability index 4 64 1 1 0 1 1 0 0 0 
P 1128 
Ss y" SS 014 -102 —22 —12 —07 24 " x o 
Criterion & bcd Stoo RD © 24. 0.67.60 0.16 48 20 00 
Stability index 6 3 4 3 1 2 3 5 2 3 


* Largest cue-response correlation in each block is Shown in italics, 


test trials, while S, was erratic throughout. The stability index is zero 
when performance is perfectly consistent; for chance performance the ex- 
pected value is near five. S,, evidently did not stabilize his performance 
until Block 5. $,, who performed with little better than chance consistency, 
may have changed hypotheses frequently or he may have responded hap- 
hazardly, 

Fig. 2 plots the Cue-response correlations for $,, for the two relevant 
cues, Each point represents the correlations for one block. The interpreta- 
tion of these diagrams will be discussed in some detail below. 5;, quickly 
detected the relevance of x', and only gradually increased the weight 
given x”, 


Fig. 3 shows the mean cue-response correlations for each block. Correla- 
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tions were transformed to z, averaged, and converted back to r. In this 
chart, stars indicate the correlations that would be associated with perfect 
performance. The correlations of x’ and x” with response tended to in- 
crease, while those of y’ and y” decreased. The mean correlation of x’ with 
response is always higher than that of x", reaching at the end approxi- 
mately to a two-to-one ratio. Thus the Ss as a group progressed toward 
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FiG. 2. CORRELATIONS OF RESPONSE WITH RELEVANT CUES 
FOR Sz ON SUCCESSIVE (OVERLAPPING) BLOCKS 


proper weighting*of relevant cues. Average curves, however, do not de- 
sctibe the learning of individuals; they are especially misleading here be- 
cause the cue-respotise correlations are not independent, a high correlation 
for one cue limiting the size of the others. 

For a closer look at the variability among individuals, we use further 
charts like Fig. 2. Each point in Fig. 4 represents the correlation of an 
5's response with x’ and x” for the block indicated. Since correlations for 
y and y’ cannot be displayed, a small circle, rather than a solid point, is 
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used whenever S's cue-response correlation for y’ or y" is greater than the 
average of his correlations for x’ and x” on that block. Two circles and 
a straight line are added to the figure to help evaluation. 

* When less than half of an S’s response variance is accounted for by the 
best linear composite of x’ and x”, his point falls within the inner circle, 
If he depends wholly on x’ and x”, but responds first to one and then the 
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Fic. 3. MEAN CUE-RESPONCE CORRELATIONS AT VARIOUS 
STAGES OF LEARNING 


other, his point stays on the diagonal line. Any S$ whose response is en- 
tirely accounted for by some linear composite of x’ and x” falls on the 
outer circle, The star again represents the correct weighting. It can be seen 
especially in Fig. 4 B that the Ss move upward and outward rather rapidly, 
save for 5 Ss left at the post. In the last training block and the first test- 


7 Ss show the correct weighting and 3 are near to equal weighting. 
The results for all the Ss may be summarized as follows: In Blocks 1 + 
2 some were like S,,, whose fesponse was not well accounted for by any 
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additive combination of the cues, some paid equal attention to all four 
cues, some apparently tried the idea that the position of the circle (defined 
by x’ and y^) was important, and so on through many other variations. 
Most commonly, the relevance of x’ was detected early in the learning; x” 
was not yet differentiated from irrelevant cues, and x”, y’, y" all had low 
but positive correlation with S’s response. After the first block the weight 
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Fic. 4, CuE-RESPONSE CORRELATIONS OF INDIVIDUAL Ss ON THREE 
TRAINING BLOCKS AND ONE Trst-BLOCK 


assigned to x” typically rose, while the weights of irrelevant cues declined 
to near zero. , 


Consistent individual differences. Good and poor learners exhibited a 
strikingly different course of learning. The Ss successful on the tests were 
also, with few exceptions, performing very successfully as early as Blocks 
3 + 4 (Trials 33-64). Conversely, those poor on test-trials were poor on 
Blocks 3 + 4 (Fig. 4). Evidently, successful Ss early discriminated rele- 
vant from irrelevant cues or perhaps mastered certain of the easier config- 
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urations, By Trial 32, 7 Ss had learned to judge stimuli in which x’ equals 
x". Five of these were among the 7 Ss who responded to Test-Blocks 1 +2 
without error. Success on these items indicate that S had learned to disre- 
gard the irrelevant cues y’ and y". 

Those who were seriously confused as late as Trial 64 were not helped 
by further trial-with-feedback. Block-to-block correlations of learning 
measures show a much higher degree of consistency on this task than 
Humphreys reports for associative learning.” The correlation of Blocks 
3 + 4 with Blocks 7 + 8, for example, is 0.93 in our data. 

The failure of persons with poor early scores to solve the problem sug- 
gests that the unsuccessful $ acquires interpretations on early trials that 
interfere with use of later information. Our S is likely to receive partial 
reinforcement for a false hypothesis (e.g. “if the cross is above the circle, 
the horizontal position of the circle gives the answer"). If the hypothesis 
has received sufficient reinforcement, S may be unwilling to drop it even 
when it leads to error; rather often our $ adds to or otherwise modifies 
the unsuccessful hypothesis instead of abandoning it. This view of the 
problem is consistent with reports that "intermittent reinforcement of an 
irrelevant dimension impedes attainment of categorical concepts."* It also 
is reminiscent of the Fleishman-Hempel finding that task-specific indi- 
vidual differences emerge in the course of practice? The inability of 5 to 
Overcome a poor initial start helps to explain why tasks of this sort are 
difficult and why extending practice for a long time does not lead to much 
increase in score, 


Trials without feedback. Some differences between S's performance on 
training trials and on test-trials are worth noting. The test-trials were like 
the training in all respects save that $ did not receive feedback as to the 
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suitable measure of concept attainment and probability learning, and that 
blocks of non-feedback trials for testing purposes should be inserted at 
various points in training. S’s strategy for obtaining information may not 
be the same as his strategy for maximizing a test score. 

We have postponed to this point consideration of the later test- trials. 
The last 32 stimuli (Test Blocks 3 +- 4) differed in no systematic way 
from Test Blocks 1 -+ 2, but there was a striking decrease in performance 
on them. While 7 Ss gave essentially perfect performances on both blocks, 
8 of the remaining 9 5s did worse (see Table IIT). The stability measures 
indicate that these 5s were not merely becoming erratic. Nor, according 
to the protocols, did they shift to a stereotyped response. While the loss 
of accuracy is small, the consistent trend suggests that the 5s who did not 
fully master the solution during training were unable to encode what 
knowledge they had so as to retain it even for a short time. Goodnow 
found that, on trials without feedback, Ss who had hitherto been rein- 
forced probabilistically tended to fall back on a simple hypothesis that 
kept error within limits even if it could not be consistently correct. Our 
data, however, show no such effect. 

The results are reminiscent of the role of feedback in ‘maintaining per- 
ceptual skill. Most skills and associations are maintained by using them 
in situations where their practical consequences provide feedback. For 
some discriminations learned by practice where feedback is arranged by the 
instructor (critiques, scores, etc.), feedback from the environment after 
the end of training is lacking, inconsistent, or equivocal. Training of sub- 
marine personnel to classify sounds heard on hydrophones is an example; 
spelling is another. Our findings suggest that only the person who under- 
stands the difference between appropriate and inappropriate responses well 
enough to criticize himself can maintain his knowledge in the absence of 
feedback from authority or reality. No theoretical explanation is available 
for this observation. The test-trials were not 'extinction’ trials in the usual 
sense, because the absence of reinforcement was in no way disconfirming. 

Reports by Ss. So far, our data seem to indicate that a good many Ss 
mastered the concept by adding relevant cues with adequate weights. The 
introspective reports by successful Ss as to how they performed the task, 
however, indicate that this was not necessarily the case. 

Following the test-trials, we asked S to write down the principle he had 
used. Successful learners generally gave clear accounts of their principles. 
These could be classified into two major types. An example of the first type 


" [bid., 208 ff. 
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is the report by S,, who had given perfect responses in test-trials. Wi 
the aid of diagrams, he wrote approximately as follows: X 

Jf both the circle and cross appeared in the same column (ie. if x’ = x"), d 
calumn was the answer, If the cross and circle appeared next to each other, 
column in which the circle appeared was the answer. If they were two column 
apart, the answer was the column between the two. If they were three columns aj 

the column next to the column in which the circle lay was the answer. 
Capitalizing on the limited number of parameter values and response) 
alternatives, $,, partitioned the stimuli into four types according to the: 
horizontal separation of circle and cross, and found a solution for each 
type. This type of solution was used by 4 of 7 successful Ss. The second 
approach is exemplified by $;: 

I put a dot marking the middle between the cross and the circle. If the dot fell 

in line (vertically, with the standard sheet cross and circle, then that was the 
correct answer. If the dot didn’t line up exactly, then the'side which the circle was | 
on was the correct answer. 
This second type of solution was employed by 3 of 7 successful Ss. They 
start by finding the midpoint between the circle and the cross, This it 
effect forms an unweighted composite of x’ and x", and gives a spatial 
representation to k, Finding that this is not always the correct & value, 
they add a codicil to take care of the exceptions. It should be noted that 
all these Ss who judged & successfully had not attained the rule employed 
by E. This is always possible with a scalar concept, since a given body of 
data can be fitted in a number of ways. 


Discussion 


Smedslund has said, “The functional dependence of response on each 
of the single cues represents a clear-cut operational measure of the structure 
of the S's perceptual field during any given period of time.":? This view 
must now be discarded, Cue-response correlations are not a sufficient in- 
dication of S's solution. 

i Summers and Uhl, as well as Smedslund, followed Brunswik's concep- 
tion that a cue has a certain perceived relevance represented by its correla- 
tion with the phenomenon of interest; the cue-response correlation is de- 
fined for the universe of stimuli, Non-Brunswikian concept-formation ex- 
periments also examine a summary measure of S’s performance over all 
the stimuli in the experiment, as if there were a single thing to be learned. 


? Smedslund, op. cit., 22, 
" A personal communication indicates that Smedslund now agrees, 
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We observe, however, that $ does not solve a single problem even though 
E regards the universe as an undifferentiated whole. S isolates sub-uni- 
verses and finds a suitable response for one sub-problem separate from 
another. We would not disagree with the suggestion that learning be 
viewed as the establishment of cue-response correlations, but such correla- 
tions can describe S’s solution only if they are calculated separately for 
the sub-universes for which 5 has developed separate rules, 

Concept formation with stimuli such as ours seems to consist of two 
processes that move forward simultaneously: isolation of sub-universes 
and identification of a rule applying within the sub-universe. At a later 
stage, perhaps $ does merge the sub-universes and apply a single parsimoni- 
ous rule. 

It must be admitted that in our experiment in which the number of 
values of & was limited, the sub-dividing strategy was more effective than 
it would have been under other conditions. If the stimulus-universe were 
more varied (e.g. if x’ and x” took on values 0.6, 0.7, 0.8, . . . 1.9) solu- 
tion by sub-division would be more difficult. 

We suspect that man is better able to use information on frequency 
than information on metrical separation, The Ss of Azuma and Ochiai 
identified a relevant cue much better when the correct answer exactly 
matched a certain cue-value on 72% of the trials and was greatly dis- 
placed from it on the remaining trials, than in the condition where the 
cue-value was always close to the correct answer but exactly the same on 
only half the trials. The results of Peterson and Miller also suggest that 
counts are more readily used than measurements." If so, it follows that 
scalar concepts may be more readily attained by identifying small sub- 
universes, to each of which some rule applies perfectly, than by starting, 
with a general rule that applies to all stimuli but gives response-values 
that are only approximately correct. 

We conclude that a more powerful method of analysis than the calcula- 
tion of cue-response correlations is required to describe the operations $ 
uses at any point in training. Over-all cue-response correlations calculated 
from training trials are at best a first approximation to the process by 
which a concept is attained. 


“Hiroshi Azuma and Takako Ochiai, The identification of correlational cues 
and probabilistic cues (abstract, in japanese), in Proceedings of 1964 Annual 
QEON A the Japanese Ps bx irt Association, 1964, 120-121. 

"Cameron Peterson and Alan. Mi Mode, median 
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A STUDY OF DIFFERENCES BETWEEN 
PERFORMANCE AND PSYCHOPHYSICAL JUDGMENTS 


By WILLIAM Harris and DoNALD N. BUCKNER, 
Los Angeles, California 


Perhaps no other kinds of judgments are made so universally and fre- 
quently—for economic, social, political, or scientific reasons—than judg- 
ments of the performance of others; yet there is very little systematic 
knowledge about how these judgments are affected by numerous variables 
known or suspected to be operant in situations in which judgments are 
made. 

The literature on psychophysical judgment suggests that even in the 
simplest situation the evaluations made by different persons judging the 
same phenomena are significantly influenced by such variables as the range 
of stimulus-values presented, the presence or absence of anchor-stimuli, 
prior exposure to similar or dissimilar stimuli, the time-interval between 
presentation of the stimuli and the recording of the judgment, and so on.* 
One can only speculate about the effects of the much greater number of 
pertinent variables in a more complex judgmental situation, such as the 
assessment of an individual's performance of a technical work-task. 

In few areas of human behavior is so much reliance placed on phenom- 
ena that are so poorly understood as are judgments or 'ratings' of per- 
formance. Ratings, whether formal or informal, are generally accepted as 

criteria of performance, from both necessity and convenience. There also 
seems to be a sort of intuitive satisfaction with the validity of perfor- 
mance-ratings in spite of the many studies showing that they do not corre- 
late substantially with more objective measures of performance or, in many 


Buche predictors to which, on logical grounds, they should be re- 
ated. 


The plain fact is that the validity of performance-ratings cannot be determined 
unless there are objective measures of the same performance with which they can 


* Received for publication February 1, 1965 from Human Fact R h, Inc., 
Los Angeles, California This research was conducted dea Cabinet None 124 1(00) 
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J. P. Guilford, Psychometric Methods, 2nd ed 1954, 302-340, 
* D. N. Buckner, The predictability of ratings as a function of 7 
J. appl. Psychol, 43, 1959, 60.64. “nes as a function of interrater agreement, 
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be compared. This need for objective criteria of performance can be underscored 
by comparing judgments in a psychophysical study with those in a rating-study. 
In a psychophysical study, Ss judge stimuli on psychological dimensions whose 
physical values are known. If one stimulus is judged to have more of a particular 
attribute than another, the validity of the judgment can be determined directly 
with reference to the physical, objective values of the stimuli. In a rating-study, 
however when one performance is judged to be ‘better’ in some respect than an- 
other, there is no way of telling, without objective criteria, whether the perfor- 
mances were actually different and the rater was able to discriminate this difference, 
or whether in fact the performances were equal or differed in the opposite direc- 
tion and the judged difference was determined by extraneous factors. In the psy- 
chophysical situation, statements can be made about discriminative thresholds in 
terms of the physical values of stimuli. No such statements are possible in rating- 
studies, in spite of the fact that a fundamental assumption in the use of ratings 
is that raters cam discriminate along given dimensions, such as the 'goodness' of 
performance. It is obvious that unless there are objective criteria of performance 
available, this fundamental assumption cannot be tested. 


The need for objective criteria suggests that studies of rating-behavior 
should be conducted under laboratory conditions. Only the control at- 
tainable under such conditions will make it possible to observe accurately 
the objective values of performance, as well as to control the presence and 
magnitude of variables that influence judgments of performance. With 
such control, it will be possible to investigate functional realtionships be- 
tween values of stimulus and of response. The aceurate determination of 
the S-R relationships, rather than the R-R relationships observed in the 
usual field-studies, is essential if the influences of many pertinent variables 
are to be understood. Once the relationships have been established under 
laboratory conditions, the study of rating-behavior can be extended to 
more practical situations in the field. This extension must be made, though, 
on the firm ground of rigorously tested and verified hypotheses that have 
taken account of the influence of numerous important variables, and their 
interactions, upon judgments of performance. 

Exploratory experiment. An initial investigation was made of a method 
by which behavior during the performance of judgments could be ob- 
served under laboratory-like conditions.* 

The Ss (raters) in this study judged the same stimuli, under two conditions: an 
‘objective’ condition, in which they were told the stimulus was simply a flashing 
light and was to be judged on a physical scale; and a ‘performance’-condition, in 


which they were told the flashing light represented performance on a pursuit- 
rotor and was to be judged on a psychological scale. Similar nine-category judg- 
DUI no WES TB o E ERES 


* William Harris and D. N. Buckner, A methodological study of the judgment of 
human performance. Paper presented at the ‘Western Psychological Association Meet- 
ing, San Diego, 1959. 
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Constant or varied in a determinable way, then any discrepancy between these 
the judgments of performance could be attributed to the altered meaning of d 


Results. The following results were obtained: (1) On the second 
jective session Tor the first group, the mean judgments “regressed tow 


‘performance’ session for the second group, the in 
an opposite direction; thas is, the slope of the regression became steepe 


I à + y Contrast, when the stimuli 
simply durations of ‘light on,’ low stimulus-values were judged to 
higher, and high ones Jower, 1 
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terpreted as a ‘contrast’-effect. Judgments of Ss with greater experience, 
five 30-sec. periods, were not appreciably different from their pre-training 
judgments. 

The following hypotheses, based on the results of the methodological, 
study, were evaluated in the study reported here: (1) Judgments of the 
same stimuli will have greater -variance when they are made under the 
'performance'-condition than when made under the objective condition. 
(2) Ss with brief experience in performing the task will overestimate the 
value of stimuli representing performance; judgments of Ss with greater 
experience will not be affected. 

In addition, two other hypotheses were tested: (3) Judgments of stim- 
uli representing performance will be less valid when performers are pres- 
ent during a judgmental session than when they are not; and (4) the 
judgments will be influenced by the Ss’ knowledge of the performers’ 
school achievement. 


Method: (1) Subjects. The Ss were 29 students from a single class undergoing 
training at the U. S. Fleet Anti-Submarine Warfare (ASW) School, San Diego, 
California. Five men; designated as performers, were selected from the class on the 
basis of class standing; two from the upper 25%, two from the*lower 25%, and 
one near the mean of the class. The class standing of all the students was public 
knowledge, as it was posted weekly for each class in the school. The remaining 24 
men, designated as Ss (raters), were randomly assigned to either Group I or 
Group II, 12 in each. e 

Procedure. Three adjoining classrooms at the ASW School were used for the 
study. The apparatus controlling the stimuli was in the center room; and identical 
displays of stimuli were placed in the other two rooms, to permit simultaneous 
presentation of the stimuli to two groups of Ss. 

This apparatus consisted of an arrangement of five microswitches and cams 
driven by a constant-speed motor, and a multiple switch for selecting stimuli to 
be displayed. The cams were so cut that the microswitches were 'on' or 'off' for 
varying times non-systematically during a period of one 30-sec. revolution, Each 
of the cams controlled a different stimulus-value, either 9, 12, 15, 18, or 21 sec. 
‘on’ during the period of revolution. 

The stimulus-displays were ‘black boxes’ with a white and a green light mounted 
in each. The white Jight signaled the duration of the stimulus-period, and the 
green light provided the stimulus to be judged. Table I summarizes the experi- 
mental conditions for each of the groups. 

Stimuli, Both groups judged the same series of stimuli in each of the four 
judgmental sessions. A series consisted of 25 stimuli, exposed in haphazard order 
five times each at 9, 12, 15, 18, and 21 sec. A different order of stimuli was pre- 
sented in each session. The stimuli were randomly assigned to a series in blocks 
of 10, 10, and 5, with the restriction that no adjacent series was the same. Thus, 
each stimulus occurred twice in the first series of 10 stimuli, twice in the second 
10, and once in the last 5. ! 
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Each of the stimuli was presented for 30 sec. The white light on the display 
came on at the beginning of the judgmental period and remained on until the end, 
The green light flashed on and off intermittently, as determined by the particular 
cam selected, during the period. As the judgmental period was constant, the green 
elight was on either 30%, 40%, 50%, 60%, or 70% of the time during the 30- 
sec, period, The time between the judgmental periods was about 20 sec., hence, the 
total time for a judgment session of 25 stimuli was about 20 min, 

The Ss judged each stimulus immediately after the judgmental period, using a 
9-category scale. Twenty-five scales, corresponding to the 25 stimuli to be judged, 


TABLE I 
EXPERIMENTAL PROCEDURE 
Judgmental condition 


Session 
Group I (V=12) Group II (V=12) 
1 objective objective 
2 objective performance 
à performance performance* 
Pursuit-rotor training 30-sec. period 5 30-sec. periods 
4 performance performance 


* ‘Performers’ were present during this series. 
> 


were printed on a single sheet of paper. The Ss were instructed not to change 
any judgment after another stimulus was presented. 

Objective conditions. Under the objective condition, the $s were instructed to 
judge the cumulative duration of the time the green light was on during each 
judgmental period, The? judgmental scale used for this condition is as follows: 


LJ 
Ex- Very, Very, Ex- 
tremely very Very Very — very tremely 
short Short short — Short Medium Long long long long 


Ex- Very, . 
tremely — very Very 


poor Poor poor , Poor Average Good good ^ good good 


Very, Ex- 
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formers was given five 30-sec, training trials on the pursuit-rotor. Altohugh none 
of the Ss was actually to judge the performances of these men, there were two 
reasons for the training. One concerned the lack of control over communication be- 
tween the Ss in different groups. It was necessary to have some of the men actually 
performing the task to preserve the illusion that performance was being judged e 
some of the time. Another was that the performers were ostensibly to be observed 
at the task during one of the judgmental sessions (described below), and it was 
necessary that they be practiced so the session would run smoothly. 

During Session 3, the five performers were in the same room and actually per- 
forming the task while the Ss in Group II were judging the stimulus-values. They 
were led to believe that they were judging the performers, and the performers 
thought that they were being judged. When the performers were first brought into 
the room, the green light was connected to the pursuit-rotor and shown to both the 
Ss and the performers. The pursuit-rotor was so placed behind the stimulus-display 
that the 5s could not observe the actual contact of stylus and target but could 
observe the performer. The performers, either while performing or while waiting 
to perform, could not obsetve the stimulus-display. Each performer performed five 
times during the session, and each performance coincided with the 30-sec. judg- 
mental period for each stimulus. The actual stimuli judged were, of course, the 
same 9-, 12-, 15-, 18-, and 21-sec. stimuli that had been judged before, although in 
a different ordem Thesperformers were systematically assigned to each of the stimu- 
lus-values; that is, each of the performers was associated with each of the stimuli 
one time only. The performers appeared in a more-or-less random order, consistent 
with the restriction that they be associated once only with each stimulus, 

The situation, then, for Group II in Session 3 was that the performers were 
identified with the stimuli being judged. The objective values, however, of their 
‘performances’ were equal; because each performer was identified once with each 
stimulus, the mean ‘time on target’ for each was 15 sec., or 50% of the time, 


Results, Two general analyses of the data were performed: one using 
the responses to all stimuli in each judgmental session, and the other using 
only the responses to the last five stimuli in each session. The second 
analysis was based on the assumption that judgments of stimuli occurring < 
later in a series would be more stable than earlier ones and would more 
accurately reflect the influence of the experimental conditions. The ran- 
dom-block assignment of stimuli to a series of 25, such that each stimulus- 
value occurred once and only once in the last five, permitted this analysis. 

The numerical judgmental values used in all analyses were determined 
by assigning the numbers 1 through 9 to the nine categories on the judg- 
mental scales. No. 1 corresponded to the ‘extremely short’ and ‘extremely 
poor,’ No. 5 to the ‘medium’ and ‘average,’ and No. 9 to the ‘extremely 
long’ and ‘extremely good’ categories. The value of a particular judgment 
was indicated by the number of the category checked. 

Hypothesis 1. Hypothesis 1 stated that judgments would be more vari- 
able under the performance-condition than under the objective condition. 
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Fic. 1. MEAN OB. JECTIVE AND "PERFORMANCE'-JUDGMEN TS 
AS A FUNCTION OF STIMULUS-DURATION FOR 
GROUPS I AND II 


regression was not steeper, as was predicted. Hypothesis 1 was not con 
firmed from the analysis of all judgments, although there was less re 
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The performance-instructions had the predicted effect upon the judg- 
ments of the Ss of Group I. The slope of the regression-line was steeper 
in Session 3, their first performance-judgment session, than in Session 2, 
their second objective session (see Fig. 2). . 

When only the judgments to the last occurrence of each stimulus were 
considered, Hypothesis 1 was confirmed. Fig. 3 shows the mean judgment- 


MEAN JUDGMENT 


SESSION 2,0BJ, 0———9 
SESSION 3,PERF. e———e 


9 12 15 18 2I 
DURATION OF "LIGHT ON" (SECONDS) 


Fic. 2. MEAN OBJECTIVE AND 'PERFORMANCE'-JUDGMENTS 
AS A FUNCTION OF STIMULUS-DURATION FOR GROUP I 


values of these stimuli on Sessions 1 and 2 for the two groups. Each point 
is the mean of 12 Observations, one judgment for each stimulus by each 
of the Ss in the groups. A statistical test of the hypothesis was made by 
computing least-squares regression-lines and using the slopes of these lines 
as the dependent variable in analysis of variance. The evaluation of the 
Group X Sessions interaction-term provided a test of the hypothesis. This 
interaction was significant at the 0.025 level. 

The significant Groups x Sessions interaction occurred because the 
mean values of the slopes of the regression-lines for the two groups were 
in opposite directions on Session 2 as compared to their value in Session 


e 
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1, in which the regression-line of Group I was flatter, indicating less dis- 
crimination among the stimuli; and the line of Group II was steeper, in- 
dicating more discrimination. 

^ Hypothesis 2. Hypothesis 2 stated that the amount of experience the 
Ss had in performing the task would influence their judgments of per- 
formance. It had been observed in the exploratory study that the Ss with 


MEAN JUDGMENT 


GROUP I, SESSION 1,0BJ. 
GROUP I, SESSION 2,0BJ. 
GROUPTI, SESSION 1, OBJ. 
GROUP II, SESSION 2, PERF. 


9 l2 15 18 2l 
DURATION OF "LIGHT ON" (SECONDS) 


Fic. 3. MEAN OBJECTIVE AND '"PERFORMANCE'-JUDGMENTS 
AS A FUNCTION OF SrIMULUS-DURATION FOR 
Gnours I AND II 
(Last of 25 judgments) 

little experience at the task Systematically overestimated all stimulus-values 
as compared with the Ss who had Previous experience. An analysis of all 
judgments showed that this 'contrast'-effect did not occur for the Ss in 
this study. The mean judgments of both groups were essentially the same 
before and after experience on the pursuit-rotor (Ze. Sessions 3 and 4, re- 
spectively). 

s There was some evidence for an experience effect from the analysis of 
judgments to the last five stimuli. The Group I Ss, who had had one 30- 
sec. trial on the rotor, judged the first four stimuli to be higher after train- 
ing than before. Even here, though, the ‘contrast’ -effect was not as marked 
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as it was in the exploratory study, where it was statistically significant with 
only a small group of Ss. 

Hypothesis 3. Hypothesis 5 stated that performance-judgments would 
be less valid when performers were present during a judgmental session 
and that judgments would be influenced by the Ss’ knowledge of the per- 
formers’ school-achievement. The first part of this hypothesis was not con- 
firmed in either analysis: the performers’ presence had no significant effect 
upon the mean judgments. 

Hypothesis 4. It was found, however, that the mean judgments (per- 
formance-ratings) assigned the performers by all the Ss correlated signifi- 
cantly with their class standing (P = 0.82), in spite of the fact that their 
actual ‘performance’-values were the same (15 sec. of ‘light on’ or 50% 
of the time ‘on target’). Although there were only five performers and 
the range of the mean judgments assigned them was small (from 4.9 to 
5.3), it was apparent that the judgments were influenced by the Ss’ knowl- 
edge of the performers’ ability in the classroom, It is interesting to note 
that when the Ss ranked the performers immediately after Session 3 ac- 
cording to how well they had ‘performed,’ the rankings did not correspond 
to class standing (P = 0.29). The influence of class standing upon the 
performance judgments did not seem to be the result of a conscious ap- 
praisal of the individual performers. 


LJ 

Discussion. "There were both similarities andedifferences in the results 
of the exploratory study and the present one. The same 'performance- 
judgment’ effect was observed in both studies: the tendency to perceive 
or, at least, judge stimuli to be farther apart when they represented per- 
formance than when they were just stimuli. There is evidence, however, 
that the occurrence of this effect depends upon how well individual vari- 
ables are controlled. It was observed, for example, only in the analysis of 
the more stable judgments of the Ss of Group II, whereas it was observed 
in the analysis of all judgments of the Ss of Group I. 

The ‘regression toward the mean’ of the judgments that was observed 
on the second objective session is interesting in itself. This result is con- 
trary to that usually observed in a psychophysical situation: Judgments of 
the same stimuli on successive occasions tend to become more discriminat- 
ing. In this instance, though, the regressing of the judgments seemed to 
reflect the facts of the situation. The stimuli in the series were not far 
apart from one another (3-sec. intervals) and were in the middle range 
of a finite time-period (from 9 to 21 sec. of a 30-sec. period). If the 


* Guilford, op. cit., 302ff. A 
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raters considered the judgmental scale to encompass the total time-period, 
as apparently they did, their judgments on the second objective session 
probably represented a more accurate appraisal of the stimulus-values, 

» The ‘contrast’-effect, the overestimation of stimulus-values as a func- 
tion of brief experience on the task, which was striking in the exploratory 
study, was only partially confirmed in the analysis of more stable judg- 
ments in the present study. There were important differences in the $s 
and conditions of the two studies which were probably responsible for 
the different results, 


constraints imposed by their relationship to the performers, they judged the stimuli 
in line with their perceptions. In the present study, on the other hand, the presumed 
performers were classmates of the Ss—a peer telationship. The Ss from the Navy 


in the exploratory study, This was Particularly evident in the judgments of the 
higher stimulus-values: Their greater overestimation by the clerical Ss accentuated 


brief experience on the task observed in the two studies seemed to be - 
Primarily a function of the different attitudes of the Ss toward the 'per- 
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(0 to 30 sec.) and the necessity for individual stimuli to be discriminable 
from one another under the objective condition. These considerations in- 
dicated that a more demanding performance-task, and consequently a more 
demanding judgmental task, be developed for future studies. 

In these studies, the Ss’ experience and proficiency in performing the 
task were confounded. The Ss with brief experience on the task were the 
poorer performers, simply because they had had little opportunity to 
practice. On the other hand, Ss with greater experience differed in their 
ability to perform the task. It seemed that the effects of experience ob- 
served could have been due either to differences in experience or in profi- 
ciency at the task and that in future studies one should be held constant 
while the other is varied. 


SUMMARY 


The Ss judged the cumulative duration of ‘time on’ of a flashing light 
under different instructions. Under one condition, the ‘objective’ condition, 
the Ss judged five durations—9, 12, 15, 18, and 21 sec. with ‘light on’ 
during a 30-sec. petiod—on a 9-category scale. Under the other condition, 
the ‘performance’-condition, the same stimuli were judged, but the Ss 
were led to believe that the ‘light on’ indicated the time a man operating 
a pursuit-rotor in another room was ‘on target’; and they rated his per- 
formance on the same scale but with different names appropriate to per- 
formance. b 

The following hypotheses were tested: (1) Judgments of the same 
stimuli will have greater variance when made under the ‘performance’- 
condition than when made under the objective condition; (2) Ss with 
brief experience in performing the pursuit-rotor task will overestimate 
the value of stimuli representing performance, but judgments of Ss with 
greater experience will not be affected; (3) judgments of stimuli repre- 
senting performance will be less valid when performers are present dur- 
ing a judgmental session than when they are absent; and (4) judgments 
will be influenced by the Ss’ knowledge of the performers’ school-achieve- 
ment. Hypothesis 1 was confirmed in an analysis of ‘stable’ judgments— 
judgments of the last 5 stimuli in a series of 25, but not in an analysis of 
all judgments, Hypothesis 2 was partially confirmed in an analysis of 
stable judgments: All but the highest stimulus-value were overestimated 
under the performance-condition. The presence of the performers had no 
effect on the judgments, but the judgments were correlated with school- - 
achievement of the performers. 

It was concluded that a more demanding judgmental task was indicated 
for further study of this problem. ‘ 


MULTIDIMENSIONAL ANALYSIS OF VISUAL FORM: 
AN ANALYSIS OF INDIVIDUAL DIFFERENCES 


By CARL A. SILVER, DANIEL LaNpis, The Franklin Institute, 
and SAMUEL Messick, Educational Testing Service 


In a recent review of suggested metrics of visual form, Michaels and 
Zusne note that well over a dozen such metrics have been proposed in 
the past several years. Such measures have included, among others, infor- 
mational content,2 angle of rotation,’ number of sides, number of angles, 
and complexity. This multiplicity of metrics, by its very existence, sug- 
gests that a multidimensional approach to form perception might be 
fruitful. Other than Attneave's regression analysis and Stilson's multiple 
factor design, there has, however, been no attempt to approach the prob- 
lem using multidimensional methods.5 

Attneave found that approximately 90% of the variahility in judgments of 


complexity could be accounted for by three variables: number of independent turns 
in the contour, Symmetry of the figure, and the mean of the algebraic difference 


Stilson did propose a multidimensional analysis, but did not provide empirical data 
against which his design could be validated." 


* Received for prior publication September 17, 1965. The research reported here 
Was sponsored in „Part by the Air Force Systems Command, Electronic Systems Divi- 
Sion, Decision Sciences Laborato, ; under Contract No. AF 19(628)-278 with the 
Franklin Institute, This paper is identified as ESD-TR-65-358. The authors thank 
Dr. David R. Saunders for supervising the computer analysis and Rosemary Kuzak 
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The primary goal of the present study was to identify the principal 
stimulus-dimensions utilized in the observation of geometrical figures. A 
secondary goal was to determine if there exists distinct sub-populations 
that make use of essentially different dimensions in their observations. 


For example, Helm and Tucker found that normal and color-blind Ss exhibit quite 
distinct points of view when judging similarities among chromatic stimuli.* Tucker 
and Messick provided a method of uncovering consistent individual differences and 
of determining separate multidimensional perceptual spaces for each point of view." 
Individuals having similar patterns of scores in dimensions can also be assigned 
to subgroups, the members of which essentially perceive the stimuli in identical 
fashion. Using the Tucker and Messick procedures, Silver, Jones, and Landis obtained 
similarity judgments of simulated air traffic control problems from 51 FAA Os." 
They found four distinct subgroups that roughly corresponded to the proficiency 
and training classifications given the observers by their superiors. The dimensions 
utilized by each subgroup were quite distinguishable from those obtained from 
each of: the other subgroups. In light of this finding that Os use different continua 
when judging visual forms, it seems reasonable to suppose that the procedure of 
averaging judgments across Os will act to distort the underlying 'real' dimensions. 
The present research provides data on this question. 

METHOD AND PROCEDURE * 

Subjects. The Os were 50 women students at the Moore College of Art, Phila- 
delphia (Mdn. age — 20 yr.). The Os were paid for their services. 

Stimuli. Stimuli were obtained from three sources. Three of the figures (an 
equilateral triangle, a square, and a septagon) were systematically drawn to 
provide ‘marker’ stimuli. Twenty-four stimuli were taken from a previous study." 
Three additional stimuli were generated by a random method." Six sample stimuli 
are shown in Fig. 1. Figures were photographically enlarged (or reduced) to just 
fit within a 2-in. circle. This was an attempt to equate the figures roughly for area, 
since it was believed that area would otherwise emerge as a variable whose contri- 
bution to the total variance would be so large as to obscure less conspicuous factors. 
Stimuli were printed photographically on a glossy white background and were 
cemented in pairs on a 5 X 8-in. file card. The 30 forms thus yielded 435 pairs of 
stimuli. 

Instructions. The Os received the following instructions: 


Here is a stack of cards. On each card you will see that there are two patterns. 
There are 30 patterns in all; this pile of cards contains all of the possible pairs of 


*C. E. Helm and L. Re Tucker, Individual differences in the structure of color- 
Perception, this JOURNAL, 75, 1962, 437-444. i 
L. R. Tuckér and Samuel J. Messick, An individual differences model for 
multidimensional scaling, Psychometrika, 28, 1963, 333-367. 
19 GS Silver, J. M. Jones, and Daniel Landis, Characteristics of Radar Operators, 
> 1-78. 
^ M. N. Crook, F. E. Gray, J. A. Hanson, and Alexander Weisz, The Effect of 
Noise on tbe Perception of Forms in Electro-Visual Display Systems, 1959, 1-15. 
,, Attneave and Arnoult, op. cit., Psychol. Bull., 53, 1956, 452-471. 1 
Instructions modified from those used by S. J. Messick, An empirical evaluation of 
multidimension successive intervals, Psychometrika, 21, 1956, 370. 
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those 30 patterns. Your task is to judge how. similar the patterns on each card are, 
On some cards the patterns may seem very similar; on the other cards the patterns 
may aj T much less similar. There are no tight or wrong answers. To begin with, 
I wou i i i 


[If there were no questions, O was instructed to begin, while E observed his 
performance.] When the pile had been divided into two subpiles, the following. 
instructions were given: 


Your next task is to subdivide patterns of each of these two piles again. In this 
pile you have all of the cards having pairs that you felt were more similar and in 


Lf $ 
T y 
gm E 


Fic. 1. SAMPLE STIMULUS-FicURES 
of the cards in which the patterns of each pair were less 


he, were all 
similar, Now divide this pile into two piles just as you did before. Put all of the 


over here and the ones that are 
what you are to do? 
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You have now divided the stack of cards into 16 piles ranging from the most 
similar which are here to the least similar which are over there. Now look through 
each pile of cards to make sure that every card in a pile is in its correct place. That 
is, make sure that every card in a given pile contains a pair of patterns which are 
more similar than any of the patterns in any pair which follows it in the pile, and 
also that they are less similar than any of the patterns in any pair which precedes 
them in the pile. Do you understand what you are to do? You are to sort through 
the piles to make sure that every card is in its correct pile. 

When Os had completed this portion of the experiment, E recorded on a special 
form the number of each card that was assigned to each pile. These records became 
the fundamental data of the experiment, 

Procedure. Os were run singly with E present during the entire session. Two 
groups of 25 Os each were used. The Os were randomly assigned to Groups I and 
II. The combined group of 50 Os is labeled Group III. 

Analysis of data. Groups I and II (N = 25 in each case) and the combined 
Group III of 50 Os were analyzed separately following the procedures outlined by 
Tucker and Messick.* This analysis resulted in a matrix of order N X N (I, II = 
25 X 25; III = 50 X 50) which is factored by the method of principal com- 
ponents. Each rotated factor represents a dimension of viewpoint about perceived 
stimulus-similarity. For each viewpoint, estimates of psychological distances between 
the stimuli were computed following the Tucker and Messick procedure. This 
resulted in a 30 X 30ematrix of inter-stimulus distances for each viewpoint, These 
matrices were then analyzed by standard multidimensional scaling procedures to 
obtain the dimensions of perceived stimulus-variation represented by each." These 
dimensions of perceived stimulus-variation represent the psychological dimensions 
used by the Os in making their judgments. It is next of interest to ascertain the 
relation of these psychological dimensions to various physical dimensions of 
stimulus-variation. e 


RESULTS 


The characteristic roots of the three N X N matrices are presented in 
Fig. 2. Each root represents the amount of variance accounted for by a 
given factor. Factors retained for consideration are those with relatively 
large roots and which precede a noticeable break in the distribution of 
size of roots. "Noise' roots are those which are relatively small and for 
which the successive differences in roots have stabilized at some small 
value. The 'noise' roots are those that distribute along the straight lines 
in Fig. 2; the ‘real’ roots are those that fall above these lines. 

Fig. 2 shows that Group I contains at least four, and possibly five, 
dimensions, whereas Group II appears to have five dimensions. Group III 
also appears quite clearly to contain five dimensions. Inasmuch as Group 


“Tucker and Messick, An individual differences model for multidimensional 
scaling, Psychometrika, 28, 1963, 333-367. " i 
Samuel Messick and R. P. Abelson, The additive constant problem in multi- 


dimensional scaling, jbid., 21, 1956, 1-16. 
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III, which is a combination of Groups I and II, has only five roots, i 
apparent that the same viewpoints are represented in both subgroup 
this were not so, the distinct viewpoints from the two subgroups we 
» all appear in the combined group, resulting in more than five signi 
roots. The similarity between Groups I and II is further strengthen 
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and the dimensions of the resulting perceived stimulus-spaces were ro- 
tated to the Equamax criterion of orthogonal simple structure." Space 
does not permit the inclusion of the complete factor-plots; these data are, 
however, available from the authors. Viewpoint A has three dimensions; 
Viewpoint B has four; Viewpoint C has six; and Viewpoints D and E 
have five dimensions each. The number of significant dimensions (roots) 
was determined using the procedure described above. It will be remem- 
bered that individuals receive a score on each of the five viewpoint-di- 
mensions. To obtain a rough estimate of the distribution of the viewpoints 
in the sample of Ss, an individual was considered to have a particular 
viewpoint if his score on that viewpoint dimension was higher than his 
score on any of the other four viewpoint-dimensions. With this method of 
assignment, 14 Os scored highest on Viewpoint A, 7 on B, 14 on C, 10 
on D, and 5 on E. 


Naming the dimensions. The ‘Naming’ of the dimensions was attempted by corre- 
lating the stimulus-rankings on each dimension with stimulus-rankings on various 
hypothesized criterion-gcales.* First, a set of "hypotheses was identified that were 
potentially related to the underlying dimensions of form-perception. Then, a numeri- 
cal index was determined for each hypothesis to permit a ranking of the stimuli. 
The size of the rank-order correlation between the ranks on the hypothesized 
dimension and those obtained from the factor loadings were used as a 'test' of the 
adequacy of the hypothesis. e 

The hypothesis selected were as follows:” e 

(1) P'/A, (perimeter squared divided by the area). This is primarily a measure 
of dispersion; 

(2) AV (angular variability). AV is the mean change in degrees between suc- 
cessive angles of the figure; 

(3) C (complexity) is computed from Attneave's regression equation:” C = 5.46 
logeT + 0.418 — 2.30. It is however, primarily a measure of the number of 
sides of the figure. For the 30 stimuli used in the present research the rank-order 
correlation between C and number of sides was + 0.99; 

(4) R (rotation) was indexed by drawing a line through the figure the longest 
way possible. The deviation of this line from the vertical (in degrees) is the 
amount of rotation. 

Rank-order correlation coefficients were used because of the skewness of the 
distribution of factor loadings. Due to the relative inefficiency of this statistic, 
higher significance levels (a = 0.01) have been chosen. 


DOR: Saunders, Integrating the implementation of quartimax, varimax, obli- 
max, and related rotational methods, Phychol, Reports, 10, 1962, 241. 
~ Silver, Landis, and Jones, Measure of Information Transfer from Large Scale 
eee 1965, 1-39; Silver, Jones and Landis, Characteristics of Radar Operators, 
, 1-78. 
à See Michels and Zusne, Metrics of visual form, Psychol. Bull., 63, 1965, 74-86. 
Attneave, Physical determinants of the judged complexity of shapes, J. exp. 
Psychol., 53, 1957, 221-227. 
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In the past, most multidimensional scaling studies have involved an analysis of 
the combined judgments for all Os. This amounts to an analysis of inter-stimulus 
distances derived from the unrotated first principal component of Group III. The 
amount of variances accounted for by this dimension is very large (90.17% of 
total) as may be seen from Fig. 2, and represents essentially the mean ratings. For 
purposes of comparison, interstimulus distances according to this composite or 
average viewpoint were also analyzed, and seven dimensions were obtained. The 
stimulus dimensions were interpreted by the procedures outlined above. For con- 
venience, these factors will be referred to as "composite" dimensions. 

Composite multidimensional space. Table I presents the Spearman rank-order 
correlations between the four hypotheses and the factor loadings. If only those 
Ps over 0.44 (P < 0.01) are accepted as useful for dimension identification, the fol- 
lowing descriptions can be made: Dimension (1) is related to Attneave's complexity 
index, which is based on the number of turns in the figure; Dimension (2) de- 


TABLE I 
RANK-ORDER CORRELATIONS BETWEEN COMPOSITE DIMENSIONS AND HYPOTHESES 
Hypothesis 
Factor 
ý PJA AV C R 
1 EX] .40 .64t -.21 
2 .60* .22 —.09 oe) be 
3 — .58* —.38 —.62t —.07 
4 =S} —.36 —.63t 27 
5 — 43 —.51* —.51* —.12 
6 a ,53* —.47* — .60* .05 
7 7512 -—.50* 214 —.38 


* Significant at the 1% level. 
T Significant at the 0.1% level. 


scribes horizontally oriented figures with minimal compactness; Dimension (3) 
may be described as highly dispersed figures with a large number of turns in any 
orientation; Dimension (4) is similar to Dimension (3) except that the relationship 
to compactness is somewhat stronger; Dimension (5) represents figures with a 
large number of turns each of which is quite different from the just preceding 
angle; Dimension (6) groups the figures with high dispersion, large angular 
variability and number turns; Dimension (7) is merely angular variability. The 
tendency for these figures to be oriented in a vertical dinfension distinguishes this 
dimension from Dimension (5). 

Viewpoint dimensions: Table II presents the rank-erder correlations between 
factor loadings and hypotheses. Again, for purposes of interpretation, only those 
correlations of 0.44 or greater (P < 0.01) are used to ‘name’ the dimensions. For 
convenience the factors will be characterized as the i-th dimension in the j-th view- 
point. Thus A-1 refers to the first dimension of Viewpoint A. 

Viewpoint A is unique in that it consists of a small number of dimensions each 
of which is clearly interpretable. The correlations indicate that one dimension is 
‘dispersion,’ another is angular variability, and the third is number of turns 
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"Viewpoint B has only one dimension that correlated significantly with any of 
the hypotheses. This dimension (B-1) seems to be a combination of number of 
urns and angular variability with some suggestion of dispersion. None of the other 
three dimensions was interpretable. An inspection of the factor plots indicates, 
owever, that the stimuli are all closely grouped around zero. For this reason, the 
igments measured by these dimensions may be essentially random. 

iewpoint C contains six dimensions, each of which is relatively well-defined. 
"The dimensions may be interpreted as follows: (1) dispersed many-sided figures; 
2) vertical many-sided figures: (3) dispersed many-sided figures with irregular 
angles; (4) compact figures; (5) vertically oriented figures with a tendency to 
y sides; and (6) horizontally oriented and dispersed figures with some degree 
angular variability. 
Viewpoint D contains five dimensions, of which only four are interpretable, D-1 
resents dispersed horizontal figures with large angular variability. The second 
ension (D-2) seems to be measuring the number of sides in the figures. D-3 


{ TABLE II 
RANK-ORDER CORRELATIONS BETWEEN VIEWPOINT DIMENSIONS AND HyPOTHESES 
Hypothesis , Hypothesis 
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A Significant at the 1% level. 
: + Significant at the 0.1% level. 


“tepresents compact figures with very few sides and the angles of which are similar 
to each other. The relationship in D-4, on the other hand, which is similar to D-3, 
‘is much weaker and does not contain the restriction to equal-angled figures. 
iewpoint E, like Viewpoint D contains five dimensions of which only four are 
rly interpretable, E-1 is primarily a dispersion dimension. E-2 is primarily number 
Sides. E-4 is dispersion, again, but with a relationship to number of sides which 
tinguishes it from E-1. E-5 is clearly angular variability. 
X, In many cases, the correlation of a dimension with a particular hypothesis might 
be increased (and sometimes the marginal correlations of the dimension with alter- 
ve hypotheses might be simultaneously decreased) by rotating the stimulus- 
sions somewhat. Multiple-correlation and canonical correlation. procedures 
d even be used to determine a rotation that would maximize the relation be- 
een some rotated dimension in the stimulus-space and each hypothesis. 
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Discussion 


From the data presented it is clear that, although interpretation of the 
composite dimensions can be made, the meaningfulness of these factors 
" as descriptive of any coherent population is in question. Regression equa- 
tions such as those developed by Attneave can be based on the composite 
factors, but their application to any given group of Os is less than clear? 
As a matter of fact, the construction of a single regression equation for 
the entire composite may be questionable because of the near equality of 
variance accounted for by each of the seven composite factors. It will per- 
haps be more fruitful to devote future research to specifying the per- 
ceptual characteristics of the subgroups. 

The finding that no one measure of the complexity or geometry of a 
visual form will serve to describe the dimensions used by individuals is 
not surprising. It is also not surprising to find that Os will differ sub- 
stantially as to the dimensions they use. It is, after all, what could have 
been predicted from the work on perceptual styles that has been accumulat- 
ing over the past several years." For all their sophistication in devising 
methods of measuring the informational content in a form, workers in the 
area of visual form-perception seem to have overlooked the fact of in- 
dividual differences in perception and judgment. 

The finding that none of the measures investigated can be said to be a 
better visual form-metric than any of the others is strengthened by noting 
that all four of the metrics tested accounted for some of the dimensions; 
indeed, by examining other metrics, it is possible that the interpretation 
of some of the factors would become substantially clearer. The four spe- 
cifically tested in this study (complexity, angular variability, dispersion, 
and angle of rotation) did seem, however, to account for a majority of the 
dimensions. Of the four, complexity (number of turns) seems to account 
for more of the judgments than the others (the number of significant 
[P « 0.01] correlations for this metric is 10), while angle of rotation is 
significantly related in only three cases. Even though dispersion (P?/A) 
and angular variability are related to complexity (p = 0.49, 0.53, P < 


* Attneave, Physical determinants of the jud i ibi 
ise judged complexity of shapes, ibid., 53, 

“R, W. Gardner, P. S. Holzman, G. S. Klein, H. B. Linton, and D. P. Spence, 
Cognitive control: A study of individual consistencies in cognitive behavior, Psychol. 
Issues, 1, 1959, No. 4; R. W. Gardner, D. H. Jackson, and S. J. Messick, Personality 
organization in cognitive controls and intellectual abilities, Psychol. Issues, 2, 1960, 
No. 8; S. J. Messick and F. Fritzky, Dimensions of analytic attitude in cognition and 
personality, J. Personality, 31, 1963, 346-370; H. A. Witkin, R. B. Dyk, H. F. 
Mr Iva p Goodenough, and $. A. Karp, Psychological Differentiation, 1962, 
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0.01, respectively), there are enough cases in which two of the three corre- 
late non-significantly with a given dimension to make an operational 
distinction useful. 

It is interesting to note that there is a subtle distortion in the main di-* 
mensions of the visual field as revealed by the occasionally significant rota- 
tional hypothesis. Koffka and others have suggested that objects oriented 
more toward the horizontal will be preferred.” The present data suggest 
that some individuals will group stimuli according to their orientation 
along both dimensions (horizontal and vertical) of the visual field. 
Whether or not, however, the units between stimuli grouped along the 
vertical as opposed to those along the horizontal are equal must remain 
for future experimentation. 

The question of what are the dimensions of form perception can not be 
settled by a study such as has been reported here. The present study only 
indicates some of the dimensions; constraints induced by the selection of 
stimuli preclude determining whether or not there are more. The very 
fact that the Crook's figures vary in number of sides may have forced 
such a judgment on our Os, and it is therefore to be expécted that com- 
plexity would emerge as the most potent dimension.** With some of the 
dimensions interpreted, it remains for later workers to identify the actual 
potency of the relevant factors. Such workers should use a larger sample of 
stimuli with "marker" dimensions (based on ¢he results of the present 
research) carefully included, Because of the limits of time, the traditional 
multidimensional methods would prove impractical if the number of stimuli 
becomes much greater than 30. Once dimensions of form perception are 
identified, however, various simple stimulus methods could be adapted to 
investigate stimulus-placement on these dimensions and the relation of 
these dimensions to various stimulus properties.*° 

In addition, the viewpoint-groups identified in this study must remain 
without interpretation, since independent data on the personal characteris- 
tics and preferences of the Os comprising each group were not available, 
These data were not gathered in the present study because the main focus 
of interest was on the dimensions themselves. Since distinct viewpoints 
did appear, it is important however, that future research attempt to identify 
these differences by including measures of perceptual and cognitive styles 
and, perhaps, of personality and preferences. 


» H 
A Kurt Koffka, Principles of Gestalt Psychology, 1935, 275-280; Martti Takala, 
symmetries of Visual Space, 1951, 1-175. A 
F Crook, Gray, Hanson, and Weisz, The Effect of Noise on the Perception of 
orms in Electro-visual Display Systems, 1959, 1-15. 
W. S. Torgerson, Theory and Method of Scaling, 1958, 1-460. 
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SUMMARY 


Fifty women Os judged 30 black-on-white geometrical forms, using t 
multidimensional method of successive intervals. The data were analyz 
the Tucker-Messick individual differences model. Five distinct viewp 
were found, none of which produced the same stimulus Space as was ob 
tained by analyzing the average ratings, Attneave's complexity metric 
which is essentially a function of the number of sides, was found to 


tested (angular variability, dispersion, and rotation). The implications o 
these findings for research on the metrics of visual form were discus 
and suggestions made for subsequent investigations, 


LACK OF INHIBITION DURING INVOLUNTARY SACCADES 
By JOHN KRAUSKOPF, VIRGIL GRAF, Institute for Behavioral Research, 
and KENNETH GAARDER, Clinical Neuropharmacology Research Center, 

NIMH 


This paper is concerned with the question of whether vision is in- 
hibited during involuntary saccades. Saccades are rapid eye-movements 
which shift the line of regard abruptly. Two classes are recognized: 
voluntary saccades, which occur during pursuit or when one intentionally 
shifts his gaze from point-to-point, as in reading; and involuntary 
saccades, which are those found when O attempts to fixate steadily on a 
single point. A camera moved in the same way while a picture is being 
taken would produce a blurred picture, and early investigators of eye- 
movements tried to determine why vision is not similarly blurred. 


A good account of the arguments is given by Woodworth,’ There were two main 
positions: Holt suggested that vision was inhibited during saccades while Dodge 
and Woodworth held that the blur was subliminal, supporting their argument 
with the observation that a blur could be seen if the stimulus were sufficiently 
intense.’ be 

The matter rested there for about 50 years, and therra new series of studies revived 
the notion of inhibition during saccades. Ditchburn provided a somewhat limited 
demonstration of inhibition during involuntary saccades, and more complete ex- 
periments by Volkmann’ and Latour" yielded evidence that thresholds are slightly 
elevated during voluntary saccades, Volkmann's experiments, which provide good 
quantitative data, indicate an elevation of threshold on the order of 0.5 log-units. 
Since O had a dual task in Volkmann's experiments—moving his eyes according to 
instruction and making his judgments—the obtained difference in threshold may to 
some degree be conditioned by task-complexity. 

Involuntary saccades occur without any special effort on the part of O, This 
case, therefore, constitutes a simpler situation in which to study the effects of sac- 


a Received for publication March 25, 1965. 
,R. S. Woodworth, Experimental Psychology, 1938, 591-594. 
dio is Eye-movement and central anaesthesia, Psychol. Monogr., 4, 1903, 
3 iun ^ 
R. E. Dodge, The illusion of clear vision during eye movement, Psychol. Bull., 
2, 1905, 193-199; R. S. Woodworth, Vision and localization during eye movements, 
Psychol, Bull., 3, 1906, 68-70. 1 
R. W, Ditchburn, Physical methods applied to the study of perception, Bull. 
Inst, Phys., 10, 1959, 121-125. 
F. C. Volkmann, Vision during voluntary saccadic eye movements, J. opt. Soc. 
Amer., 52, 1962, 571-578. i 
2637 I Latour, Visual thresholds during eye movements, Vis, Rer, 2, 1962, 261- 
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«ades per se. Ditchburn's experiment was intended as such a test. An O viewed an 
oscilloscope, and whenever he made a saccade, a brief stimulus was presented. It 
was reported that a second O saw the stimuli more than the first O, but since the 
»Oscilloscope-face has some persistance, the image must have been somewhat. 
smeared across the first O's retina. In the present experiment, a controlled flash, 
0.5 m.sec. in duration, was used, a duration short enough effectively to eliminate 
smearing of the image, Furthermore, more refined psychophysical techniques were 
used to permit estimates of the reliability and confidence-limits of the results. 


The basic experimental procedure was to present test-stimuli alter- 
nately during saccades or at some fixed interval after saccades; if there 
were inhibition, thresholds should be higher for targets presented during 
the saccades. Two indices of visual sensitivity were studied: measurement 
of the absolute threshold served as a representative detection task; and 
measurements of vernier-acuity were made because a task requiring the 
extraction of information from a complex display might show the effects of 
inhibition even if a simple task did not. 


METHOD 


The apparatus consisted of: (1) an electrical €ye-movement recorder, (2) a sac - 
cade-detector, (3) timing circuits, and (4) a visual stimulator. Two systems for 
recording eye-movements were used. Both provided electrical signals which were 
direct analogs of the angular position of the eye in the horizontal plane. The first 
system involved the usesof a tight-fitting contact-lens and has been described in an 
earlier publication.’ This method was used in the absolute-threshold experiment. 
The second system—more convenient in that it did not require a contact-lens— 
was used in the vernier-threshold experiment. 

The second system, which measures the location of the margin between the iris 
and sclera, is similar to others, but the greater sensitivity of our apparatus warrants 
some description of the details.’ A diagram of the optics is given in Fig. 1. Light 
from a straight coiled filament lamp is imaged on the eye as shown in the insert 
so that part of the light falls on the iris and part on the sclera. A Wratten 87 
infra-red filter (IR) eliminates enough of the visible radiation that O does not 
see light from the system, while a heat-filter (HF) removes enough of the far 
infra-red that O does not feel the impinging radiation. Since Lenses L, Ls, and La 
all have J/ numbers less than 2, a large proportion of the light radiated by the 
filament is imaged on the surface of the eye and a large proportion of that light 
which is reflected by the eye is directed to the photocathode of the RCA 930 photo- 
cell (PC). As the eye rotates in the horizontal plane, more or less light impinges 
on PC. The noise-level of the photocell-signal is less than the output-change pro- 
duced by a movement of less than 2' of arc. It should be emphasized that this 
method does not share all of the advantages of the contact-lens method. For ex- 


T 
John Krauskopf, T. N. Cornsweet, and L. A. Ri, i ts 
duríng monocular and binocular fixation, J. opt. Din? aea erste. 
photoletosmetanal sytem fara ice meme and stimulus movement: New 
U rdi ` - r 
eye, J. opt. Soc. Amer, 50, 1960, 245-250. ^. Suring tracking motions of the 
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ample, lateral movements of the head contaminate records obtained with the edge- 
of-the-iris method, but not those obtained with the contact-lens method, provided 
that the measuring beam is collimated at the mirror. The drying of the surface of 
the eye which occurs between winks probably changes its reflectivity and thus may 
introduce artifactual drifts in the record, Wink-artifacts are more frequent, because ` 
the cornea is not bathed with fluid as it is when a scleral contact lens is worn, 
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Fic. 1. APPARATUS FOR MEASURING EYE-MOVEMENTS 
(Edge-of-the-iris method.) 
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Fic. 2. SACCADE-DETECTOR 
The waveform shown above each element is an artist's ren- 
dition of its output. 


Since the purpose of the present experiments was to record the occurrence of sac- 
cades, only the last artifact presented problems, because the circuit detecting 
saccades did not discrimipate between winks and saccades, but the distinction could 
be made easily by consulting the raw eye-movement records, It is highly unlikely 
that lateral head-movements abrupt enough to be confused with saccades can be 
made. Furthermore, when the records produced by the two methods are compared, 
the waveforms of movements identifiable as saccades are very similar. The advantages 
of the edge-of-the-itis method are (1) that no attachment is made to O's eye, (2) 
a new O need not be fitted with a contact-lens, and (3) experimental sessions may 
be of greater length. 

The saccades were detected by the circuit diagrammed in Fig. 2. If the electrical 
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eye-movement records are differentiated with respect to time, the resulting signals 
give the instantaneous angular velocity of the eye. Saccades have durations which 
vary from about 15-30 m.sec, during which the eye achieves greatest angular 
velocities. Saccades therefore, appear in the differentiated records as brief positive 
"or. negative spikes, depending on their direction. The other eye-movements appear 
as low-level variations in the baseline, That saccades in either direction might be 
treated the same, the differentiated signal was passed through an absolute-value 
circuit. A threshold-detector which followed responded when the output of the 
absolute-value circuit exceeded a threshold-voltage. The threshold was so adjusted 
empirically that only saccades were detected. 
The output of the saccade-detector was fed into a set of timing circuits which 
produced the stimulus-conditions diagrammed in Fig. 3. For example, the first 
saccade triggered an immediate stimulus-flash, the second a delayed flash, the third 
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FiG. 3. TEMPORAL RELATIONS BETWEEN EYE-MOVEMENTS 
AND STIMULI 


The upper trace is an artist's rendition of an eye-movement 
record. The lower trace indicates the timing of stimulus- 
flashes. 


an immediate flash, and so on. All flashes were 0.5 msec. in duration. After à 
saccade which triggered an immediate flash, there was a period of 500 m.sec. during 
Which further saccades could have no effect. A delayed flash was triggered by the 
next effective saccade, The delay between the saccade and the flash was 25, 50, of 
200 m.sec. in the several experiments, and is shown as X m.sec. in the figure. After 
a saccade which triggered a delayed flash, no saccade could be effective for 
500 + X msec. Two purposes were served by having these dead times. The 500- 
m.sec, period allowed O sufficient time to tespond to each stimulus. The additional 
delay of X msec. following the delayed flash served to equate the minimal inter- 
flash-time preceding the two classes of stimuli, Without this: feature, the immediate 
flashes would have impinged on the average on a more light-adapted retina. 

High-speed eye-movement records were used to check the timing of the im- 
mediate flashes. They were found to occur about 10 m.sec. after the onset of the 
saccade, On all saccades measured, the flash occurred well within the period of 
rapid movement, that is, on the straight portion of the rising trace. 

In both experiments, the stimuli were generated by a Sylvania R 1131C glow- 
modulator tube. In Experiment I (absolute threshold), the cone of tays emerging 
from the tube was intercepted by a ground glass at a distance of 150 mm. from 
the source. A circular stop delimited a test-object whose diameter subtended 47’ of 
arc at the O's eye. The viewing distance was 340 mm. The stimulus-luminance was 
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varied by changing the current passing through the tube in 5 steps of 7.5 ma, from 
25-55 ma. In Experiment II. (vernier-threshold), a Maxwellian view was employed. 
The stimulus-configuration is shown in Fig. 4, and the various dimensions are 
given in the drawing. The lower line was fixed, while the horizontal location of 
the upper line was varied from trial to trial by means of a Grass oscilloscopic pen- 
motor, Five positions were used: 100" left, 50" left, center, 50" right, and 100" 
right. The settings were calibrated by examining a magnified image of the target 
with an eye-piece containing a micrometer. The retinal illumination of the circular 
field was 2 X 10° trolands. In both experiments, a thin orange ring 10' in diameter 
served as a fixation-object. 

In both experiments, stimulus-variation was controlled by a Western Union tape- 
transmitter. Punched tapes provided appropriate random stimulus-sequences. Re- 
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Fic. 4, DIAGRAM OF STIMULUS-FIELD IN EXPERIMENT Il 
(Vernier-threshold) 


sponses were cumulated on counters and recorded individually on one channel of 
a Grass Polygraph, other channels of which were used to record the eye-move- 
ae and the output of the saccade-detector, and to monitor the occurrence of 
stimuli, Fs 

After the necessary adjustments had been made, each session of both experiments 
was begun with a 5-mig. period of dark-adaptation. In Experiment I, O's task was 
to press a key whenever he saw a flash. A session consisted of 110 immediate and 
110 delayed flashes, 22 of each kind at each luminance-level. One O, KG, was 
tested for 10 sessions each with delays of 25, 50, and 200 m.sec.; the other O, VG, 
was tested for 9 sessions at 50 m.sec. In Experiment II, O's task was to signal 
whether the upper line appeared to the left or right of the lower line. No middle 
category of judgment was allowed. An experimental session consisted of 110 trials 
of both immediate and delayed stimuli, randomized among five levels. Both Os 
participated in 10 sessions with a 200-m.sec. delay used throughout. 
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Results. Results for the two observers in Experiment I with 30-m.sec, 
delay are shown graphically in Fig. 5. It can be seen that there is ilttle 
difference in the results for immediate and delayed flashes. The thresh- 
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FiG. 5. RESULTS OF EXPERIMENT I 
(Absolute threshold) 


TABLE I 
RESULTS FOR ABSOLUTE THRESHOLD 
Delay Mean difference 
(m. sec.) (log-units) 
25 +0.028 
50 —0.013 
200 +0.024 > 
50 —0.020 - 
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99%, UCL 
+0.072 
--0.028 
+0.114 
+0.024 


actually lower, although this apparent 
ble. The mean differences in threshold 
upper confidence-limits for all conditions and Os are given 


Only the mean difference for 25 m.sec. is statistically re- 
e magnitude of the difference is only 0.028 log-unit. 
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The results of Experiment II are shown graphically in Fig. 6. The lines 
were fitted by the method of least-squares. Again it is seen that there is 
little to choose between the two conditions. The vernier-threshold is de- 
fined as the reciprocal of the slope with the ordinate expressed in’ 
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* Fic. 6. RESULTS OF EXPERIMENT II 
(Vernier-threshold) 
The ordinate, has been displaced downward for KG. The 
horizontal line indicates 50% judgment of ‘right.’ 


standard scores. The means, mean differences, and the 99% upper confi- 
dence-limits of the differences in vernier-threshold are given in Table 
IL. The differences are not statistically reliable. 


Discussion, The results provide no support for the hypothesis that in- 
hibition occurs during saccades. One of the four tests with the absolute 
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threshold did show a statistically reliable change in threshold, but the 
mean effect was very small and only slightly larger than those found in the 
other three tests; that is, the statisical criterion is satisfied, not because of 
a change in the mean difference, but because of the reduced variability, 
There is, in fact, no evidence of a relationship between delay-time and 
mean difference in threshold. More important than statistical reliability are 
the magnitudes of the differences in threshold and their upper confidence- 
limits. An increase in threshold no larger than 0.114 log-unit can hardly 
be considered a meaningful 'blanking-out' of vision when the dynamic 
range of the visual system is taken into account. 

The results for vernier-acuity also fail to give evidence of meaningful 
inhibition, It is not as easy to compate the confidence-limits of the results 
with what might be considered a genuine inhibition of seeing—that is, 
there is no equivalent of the concept of dynamic range— but the observed 


TABLE II 
RESULTS FOR VERNIER-THRESHOLD 
4 Threshold (sec) Mean Immediate- 
o difference Delay 99% UCL 
Immediate Delay 
KG 104 86 18 57 
VG 59 57 2 22 


differences are small compared to those which can be produced by manipu- 
lation of other variables. 

The difference between the present results and those of Ditchburn 
apparently may be traced to improved control of exposure-duration and 
the elimination of smearing of the retinal image. The difference between 
the present results and those of Latour and Volkmann may be due to dif- 
ferences in the properties of involuntary and voluntary saccades per se, 
Or, as suggested earlier, to some consequences of task-complexity. Volk- 
mann presents useful quantitative measures of the magnitude of the effects 
of the various experimental conditions. At most, the thresholds change 
about 0.5 log-units, which is not, as she recognizes, what might be ex- 
pected if vision were ‘blanked out.’ Volkmann's results are conditioned by 
the task the O has to perform as well as by whether the eye is executing 
à saccade of not. For example, the thresholds were generally lowest fot 
the non-moving condition and higher for the conditions called Fix 1 and 
Fix 2. In all three conditions, the eye was stationary, but in Fix 1 and 
Fix 2 the test-flashes preceded or followed voluntary saccades. Volkmann 
interprets these differences in terms of a gradient of inhibition around the 


| of eye-movement. For example, voluntary saccades g 


pression of vision which accompanies voluntary saccades. 


in amplitude and longer in duration. Further experiments wit 
ry saccades of varying amplitude may serve to clarify the nature of 
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ADVERBS AS MULTIPLIERS: SIMPLIFICATION 
AND EXTENSION 


DONALD W. STILSON, University of Colorado Sch&1 of Medicine, and 
RoBznr J. MaRoNEY, V. A. Hospital, American Lake, Washington 


Cliff has described a multiplicative rule for the combination of in- 
tensive adverbs (e.g. "very," “slightly”) and evaluative adjectives (e.g. 
"good," "bad"). This rule has been verified, and it is of considerable 
interest in terms of what Osgood and Sebeok have called the "laws of 
word-mixture".? The scaling methods used by Cliff require formidable 
calculations and this might be expected to deter others from attempting 
to apply and extend his results In connection with the possibility of 
using simplified scaling, Cliff remarks that “some method such as assign- 
ing values by simply averaging the ratings given by the subjects would 
not generally be satisfactory in deriving the equivalent of a comparative 
judgments-scale. It would be so only if successive interval scaling would 
result in intervals of equal size."* 

In spite of the fact that intervals of unequal size were found by Cliff, 
We are reporting an attempt to verify and extend the multiplicative rule 
for adverb-adjective mixture using mean ratings. 


METHOD 

The procedure involved four steps. A mean rating was obtained (a) for each 
adverb, (b) for each adjective, and (c) for each adverb-adjective combination. 
Finally, (d)-the product of the mean rating for each adverb and the mean for each 
adjective were computed, and the linear regression of the mean ratings for adverb- 
adjective combinations on these products was examined. Thus, if C, is the mean 
rating assigned adverb i, S, is the mean rating of adjective j, and X;; is the mean 
assigned the adverb-adjective combination (e.g. "slightly good," "very bad"), then 
the hypothesized relation is 

Xu = BGS;A, 

where B and 4 are constants, This is equivalent to Cliff's formulation except that 
his method yielded values of the C, such that B — 1 


* Received for publication May 2 i i 
were at the University of Colorado” Bodies a mesa EE 
* Norman Cliff, Adverbs as multipliers, Psychol. Rev., 66. 1959, 27-44; Advetb- 
adjective combination in overseas Broups, Amer, Psychologist 15,1 960, 495. 
C. E. Osgood and T. A. Sebeok, Psycholinguieti og ‘survey of theory and 


rectangular matrices, 
“Cliff, op. cit., 495. 
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Subjects. The Ss in this research were students in introductory psychology classes 
and were predominantly college sophomores. The total of 115 Ss was divided into 
a Pilot Group of 19 Ss and six Experimental Groups containing 16, 16, 16, 17, 
16, and 15 Ss, respectively. 

Questionary. All of the adverbs and seven of the 10 adjectives were from Cliff's 
lists. The adjectives “agreeable,” "mediocre," and “tolerable” were added in an 
attempt to define more clearly the neutral point of the adjective scale, The words 
were shown in Column 1 of Table I. 

In addition to these lists, every adverb was paired with every adjective to form 
a list of 69 adverb-adjective combinations (one pair was omitted through clerical 


TABLE I 
MEANS OF ADVERB- AND ADJECTIVE-RATINGS 
Group of Ss 


Com- 

Pilot I II TII IV V VI bined 
(n=19) (n—13) (n=15) (n=16) (n=16) (n=15) (n—12) Gp 
n- 


Adverbs: 


Slightly 3.11 2.15 2.80 4.20 3.50 3.47 9:33. 3.28 
Somewhat 3.89 3.85 4.20 4.69 4.15 4.07 4.33 4.33 
Rather 5.16 © 4.92 4.93 4.63 4.94 5.13 5:25 4.95 
Quite 6.37 5.77] 6.60 6.50. 6.38 6.86 7.17 6,54 
Decidedly 7.80. 7.54 7:20 1.44. 0-50 ROTE A O2 RN 
Very 7.21 7.46 7.40 7.50 7.69 7.47 8.00 7.57 
Extremely 8.68 8.62 8.33 8.56 8.81 8.87 8.92 8.68 
Adjectives: 

Evil " 


y —2.68 —3.38 —3.73 —3.44 rr —3.60 —3.42 —3.56 
Disgusting —2.42 —3.15 —3.07 —2.88 —3.00 —3.00 —3.25 —3.06 
Bad —2.16 —2.92 —2.60 —2.25 —2.63 —2.67 —2.82 —2.68 
Mediocre — —0.58 —0.62 —0.73 —0.06 —0.25 —0.33 —0.33 —0.38 
Average —0.05 +1.15 +0.13 +1.83 +0.20 +0.47 +0.08 +0.66 
Tolerable —0.37 +0.08 —1.27 —0.69 —0.33 +0.13 +0.17 —0.35 
Agreeable +1.11 $1.54 +1.13 +1.75 +1.50 +1.87 +1.17 +1.51 


Pleasant +1.58 +2.54 +1.93 +1.94 +2.56 +2.27 +2.33 +2.25 
Good - 41.89 -L2.33 +2.27 41.81 +2.25 +2.40 +2.33 +2.22 
Charming 2.32 +3.00 +2.53 +2.75 +3.00 +2.67 +2.50 +2.75 


error), This list contained the 10 unmodified adjectives, and 5 of the combinations 
occurred twice, for a total of 84 items. 

The order of the words in each list was random, but the combined list was sub- 
ject to the restriction that neither the same adjective nor the same adverb occurred 
in succession. There were 3 orders of adverbs, 3 of adjectives, and 24 orders within 
the list of combinations. The three lists were assembled in each of the six possible 
orders, One list-order was administered to each of the six experimental groups. 

For adjectives and adverb-adjective combinations, the written instructions asked 
S to rate "degree of favorableness” in describing a person on a 9-point scale.” 
Parallel instructions required $ to rate the "degree of strength" of each adverb. 


RESULTS 
Nine questionaries were eliminated due to failure to respond to a large 
number of items or a large number of marked inconsistencies in the 


© 
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ratings (e.g. one S reversed the scale for a full page). A total of 106 Ss 
entered into the analysis of the data. 

Within each of the seven groups, the mean rating for each adverb and 
for each adjective was obtained. The middle value of the 9-point scale 
was arbitrarily chosen as the zero-point for adjective-ratings, so that the 
range of possible values for the adjectives is —4 to +4. For the adverbs, 
the scale-values ran simply from 1-9. These mean ratings are given in 
Table I. 

Since all of the 10 adjectives and five of the adverb-adjective combi- 
nations were rated twice, it was possible to examine the stability of the 
mean ratings. The linear correlation between the means of the first and 
second ratings for Groups I-VI combined (n—87) was 0.997. The mean 


TABLE II 


CORRELATION BETWEEN MEAN RATINGS FOR UNIVERSITY OF COLORADO STUDENTS 
(n=87) AND SCALE-VALUES OBTAINED BY CLIFF’S THREE GROUPS or Ss 
(7 ADVERBS OR 7 ADJECTIVES ENTERED Each CORRELATION) 


Wayne Dartmouth Princeton 
University College University 
(n=218) (n= 133) (n= 186) 
Adverbs .987 .998 .995 
Adjectives .951 .937 .921 


algebraic difference Between the means of the first and second presenta- 
tions did not differ significantly from zero (p 0.20). 

To provide a test of the stability of results across populations, the lineat 
Correlation was obtained between our mean ratings (for Groups I-VI 
combined) and the scale-values for each of Cliff's three U.S. college 
samples. These correlations are shown in Table II, and a scatter plot of 
the relationship for the seven adjectives appears in Fig. 1. In the case 
of the adverbs, there is a vety close relationship between our tesults and 
those of all three of Cliff's Broups. For the adjectives, the relationship is 
somewhat weaker. 

Since Cliffs values were presumably determined on a tatio-scale, and 
there was no assurance that our means were, we tested the hypothesis 
that the zeto-points of our adverb and adjective scales for the combined 
Broup corresponded to the zeto-points for Cliff's scales. These tests were 
made on the basis of the correlational analyses just described. In no in- 
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The primary focus of this study was upon the validity of the multipli- 
cative rule for combining intensive adverbs and evaluative adjectives using 
mean ratings. To examine this, the mean rating for each adverb was 
multiplied by the mean for each adjective, and the linear correlation of 
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for Wayne University (Solid dots), Princeton 
University (Half dots), and Dartmouth Col- 
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TABLE III 
CORRELATIONS OF THE PRODUCTS OF THE ADVERB MEANS AND THE ADJECTIVE 
MEANS WITH THE MEAN OF THE RATINGS OF THE ADVERB 
ADJECTIVE COMBINATIONS 


Group of Ss 
t Mes 
ot I I II IV M VI roups 
(119) (n—13) (w-15) (n=16 =16) (n=15)  (n—12) (=a) 
-967 .952 .938 í Mere d 3 à .964 .970 .959 


these products with the mean ratings of the adverb-adjective combinations 
was obtained separately for each of the seven groups. These seven corre- 
lations and the correlation for the combined group are given in Table III. 
AIL of them are close to 0.95. The scatterplot of this relation for the com- 
bined group is shown in Fig. 2. The Xs in this plot are for combinations 
involving the adjective “tolerable.” 
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In addition to testing the multiplicative rule for mean ratings, its ade- 
quacy was examined for a few single individuals. To do this, one S was 
chosen randomly from each of the six groups, and the products of his 


E 
z? 

o v 
Eg mae 
H iran aye 
27 i 

= ES D 

e Mp 

x x 

05 

u 

v 

o4 

zZ 

E3 

< 

& 

p 

x 

a 

= 


—30 —20 —10 0 *10 420 +30 
PRODUCTS OF MEAN ADVERB- AND 
» MEAN ADJECTIVE-RATINGS 


Fic. 2. CORRELATION OF THE PRODUCT OF MEAN 

ADVERB-RATINGS AND MEAN ADJECTIVE-RATINGS 

WITH THE MEAN RATINGS OF THE ADVERB- 
ADJECTIVE COMBINATIONS 

Means are based on Experimental Groups I-VI 

combined. The X’s are for combinations contain- 
ing the word “tolerable” 


Group from which S. Chosen 
I II III IV M Vr 
.842 .920 .947 .820 .905 472 


verb. 


adver 
Their mean (calculated using the Fisher 
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It is conceivable that the correlations of adverb and adjective products 
with the ratings of adverb-adjective combinations are ascribable in part 
to an artifact. All words and combinations were rated by $ during a single 
session. Perhaps the rating of a single word (say "good") was peculiar 
to the individual and influenced the rating S assigned to a combination 
containing "good". Two steps were taken to examine this possibility. 
First, the products of the adverb means for our Group IV and the adjec- 
tive means for Group III were correlated with the scale-values Cliff found 
for adverb-adjective combinations in his Wayne University sample. This 
correlation was 0.956, about the same as those obtained within our groups. 
Secondly, Sheppard has obtained in England mean ratings (on a seven 
point scale) for "very bad," "bad," "rather bad," "average," "rather 
good," "good," and "very good."5 The product of Cliff's values obtained 
at Wayne University for the adverbs and adjectives corresponding to these 
seven combinations correlated —0.992 with Sheppard's mean ratings. 
The products of the adverb means and the adjective means for our com- 
bined group yielded a correlation of —0.988 with the mean ratings 
Sheppard's Ss assigned the same seven combinations.’ Thus, since the 
multiplicative rule held quite well when the values of adverbs, adjectives, 
and combinations were obtained from distinct samples, the artifact de- 
scribed above cannot account for the results. 

Other data reported by Sheppard permitted a test ‘of the multiplicative 
tule for combining intensive adverbs and subjective estimates of mone- 
tary amounts. Sheppard reports the amount of money named as the weekly 
income of a man who was described as "very poor,” "poor", "rather 
poor," "neither rich nor poor," "rather rich," "rich," or "very rich." If 
the log of the mean amount for "poor" is multiplied by our mean rating 
for "very," then the multiplicative rule can be used to predict the amounts 
Sheppard's Ss assigned the term “very poor," similarly for "rather poor," 
"rather rich," and "very rich." The linear correlation between the pre- 


"D. Sheppard, The adequacy of everyday quantitative expressions as measurements 

of quantities, Brit. J. Psychol., 45, 1954, 40-50. s 

The negative correlation is due to the fact that Sheppard's Ss assigned small 
numbers to the favorable end of the rating scale. 3 

Since the unit of the scale of products of adverb and adjective means is not the 
Same as the unit of mean ratings for adverb-adiective combinations, it was necessaty 
to find the value which transformed an unmodified adjective mean rating to the unit 
9f the product scale. Using the relationship between Cliff's adverbal scale-values and 
me mean ratings assigned adverbs by our six Experimental Groups combined, we 
‘ound a mean adverb weighing of 5.967 on our scale to correspond to an adverb 
pve of ‘1,000 on Cliff's scale, The prediction of Sheppard’s mean ratings for 
the unmodified adjectives “bad” and “good” was made by multiplying the mean 
tating of "bad" and of "good" by 5.967. 
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dicted values and Sheppards observed log means is 0.973. Using Cliffs 
adverb scale-values, the analogous correlation is 0.976. 

Statements obtained by Sheppard of the distance one would walk cor- 
responding to the verbal descriptions "very near," "near," "rather near," 
"neither near nor far," "rather far," "far," and "very far," when treated 
in the same way, yield a correlation of 0.964 using Cliff's adverb scale- 
values and 0,963 using our mean adverb ratings. 


Discussion 


Although our data provide support for the multiplicative rule for both mean 
ratings and for individuals, it is clear in Fig. 2 that the adjective “tolerable” (rep- 
resented by X's) is a maverick. Direct ratings of “tolerable” by itself or modified 
by "slightly" or "somewhat" are weakly unfavorable (negative), whereas it takes 
on positive values with stronger modification ("rather," "quite," decidedly," "very," 
"extremely"). Thus, the sign of the meaning of "tolerable" appears to interact with 
the strength of the intensive adverbs which weight it. This indicates that the multi- 
plicative rule breaks down when applied to words whose meaning depends upon 
the word with which it is associated." 

The fact that the multiplicative rule could be applied to our data or to Cliff's 
to obtain rather accurate predictions of Sheppard's mean ratings for adverb-adjective 
combinations suggests that the multiplicaticative rule is relatively independent of 
the context set by instructions. This is because both Cliff's and our Ss were in- 
structed to rate adjectives according to their "favorability in describing a person,” 
whereas Sheppard attempted to avoid providing any context for evaluation. 

Although our data are limited in this respect, the use of intensive adverb scale: 
values as quantifiers of verbally determined estimates of income and distance sug- 
gests that such mixtures of word and number are acceptable to the human infor- 
mation processor. 

The results indicate that the arbitrary zero points of our mean ratings agree 
rather well with those obtained using Cliff's more elaborate procedure and that our 
mean ratings come reasonably close to generating equal intervals. Were this not 
the case, the multiplicative rule could not be expected to fit the data at all well. 


SuMMary 


Our results Suggest that the multiplicative rule is applicable to most, 
but not all intensive adverb-evaluative adjective combinations, that it is 
not very sensitive to instructional context, that it is telatively insensitive 
to variations in scaling procedure, that it applies with moderate precision 


to the ratings of some individuals, and that it is quite stable among 
English-speaking Ss, 


tmined by the constant-sum m ive i ls 
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UNCERTAINTY AND STAGE OF DECISION 


By ARNOLD BINDER, Indiana University, BURTON R. WOLIN, ROSEMARIE 
WEICHEL, and STANLEY J. TEREBINSKI, System Development Corporation 


Some writers have conceived of visual recognition in terms of the 
successive delimiting of the class of possible responses as discriminative 
cues are accumulated. Binder used this’ conception in a task where the 
succession of cues and increasing specification of response-classes were 
under experimental control? This made it possible to study the relation- 
ship between the level of ambiguity at the stage when a response was 
made and the personalities of the Ss. He found a significant correlation 
between number of cues presented prior to the response and the amount 
of distrustfulness or suspiciousness on the part of the Ss. Kiesler and 
King, on the other hand, did not find a relationship between perceptual 
cautiousness (waiting for more cues before responding) and general 
suspiciousness.? In a related experiment, Smock found that Ss responded 
earlier (at levels of greater uncertainty) under ‘stress’ rather than ‘se- 
curity’ conditions. He concluded that individuals who are anxious may 
attempt to resolve ambiguity by early ‘structuring or*closute." 

The present experiment emphasizes a characteristic of the stimulus- 
Situation rather than variables of context or personality. The particular 
characteristic was the relative frequency of presentation in the stimulus- 
series, which leads to a measure of stimulus-information. 

Binder described a statistical model for recognition on the basis of information- 
theory? Berlyne discussed the general applicability of an information-theory mea- 
sure to those situations in which conflict is an important element. Both of these 
approaches stressed the relationship between decision, choice», or reaction-time 


"Received for publication February 26, 1963. This research was supported by 
Grant M-2170 from the National Institute of Mental Health. di 
Arnold Binder, A statistical model for the process of visual recognition, Psychol. 
Ree, 300005. 119-129; J. S. Bruner, On perceptual readiness, Psychol. Rev., 64, 
» "1521 e 
"Binder, Personality variables and recognition response level, J. abnorm. soc. 
Psychol., 57, 1958, 136-142. 1 
C. A. Kiesler and G. F. King, Individual differences in making perceptual infer- 
ences, Percept. mot. Skills, 13, 1961, 3-6. K 
pi, D- Smock, The influence of psychological stress on the “intolerance of am- 
Kv J. abnorm. soc. Psychol, 50, 1955, 177-182. 
, Binder, op. cit., 1955, 120-121. } 3 
th D. E. Berlyne, Uncertainty and conflict: A point of contact between information- 
cory and behavior-theory concepts, Psychol. Rev., 64, 1957, 329-339. 


89 


90 BINDER, WOLIN, WEICHEL, AND TEREBINSKI 


and the amount of uncertainty in a stimulus-situation. This relationship between 
decision-time and information had been demonstrated experimentally." 

These results lead to the hypothesis that the greater the information in the 
stimulus-complex, the earlier the point at which attempted recognition will occur 
in a sequence of cues providing increasing specification, The information in the 
stimuli is measured by their relative frequencies of occurrence during paired-associ- 
ate learning trials, Following learning to a criterion, component elements of the 
stimulus-patterns were presented in a fashion such that each succeeding presenta- 
tion (with one exception) contained an additional differentiating cue, 


METHOD 


Subjects. Seventy-two Ss were used. All were volunteers from among the employees 
of the System Development Corporation, recruited in response to a plea for Ss which 
was published in the weekly newsletter of the Corporation. The Ss were divided 
into three groups of 24, containing 12 women and 12 men. 

“Apparatus. The stimuli were Presented in an apparatus using one-way mirrors. 
lt was situated in a semi-darkened room, and S could see the stimuli only when 
they were directly lighted. The Ss sat facing a 30 X 30-in. plywood panel mounted 
vertically on a table. In the center of the panel were the two mirrors, each 5 in. wide 
and 4 in. high. Behind each mirror, on E's side, were boxes in which stimuli 
were placed. These boxes were so slotted on the bottom as to hold the stimulus- 
card horizontally. A second mirror at 45? to the line of regard presented the 
figures to $ through the one-way mirrors. The stimuli were illuminated by tubular 
40-w. bulbs, one in each box. These bulbs, together with a coating of white paint 
in the interior of the boxes, Provided relatively even illumination of the stimuli. 

Timing of presentaflon was accomplished by a cam-timer. Separate sequences 
were used for learning and'*testing phases of the experiment. During the learning; 
the stimulus-figures were shown in the left mirror and the required response in 
the right mirror; only the left mirror was used during the testing phase, A buzzer 
preceded each presentation. Then there followed, during the learning phase, a 
l-sec. delay, the stimulus-figure for 2 secs, alone, both lights on for 2 secs,, both 
lights off, and finally a 5-sec, delay before the buzzer for the next stimulus-response 
pair. During the testing phase, there was the l-sec. delay, then the left light on for 
3 secs., and a 1-sec, delay with the light off before the buzzer for the next presenta- 
tion, 

Stimulus-materials. The stimuli used during learning are shown in Column E 
of Fig. 1. These eight figures called for the following responses: E,— Golf Flag; 
E;—Seaway Pennant; Ej— Sail; E,— Vacuum Cleaner; Er,-Tomahawk; E,—Battle 
Axe; E;—Hatchet; and Es—Banner. The stimuli during the testing were poten- 
tially any of the 15 stimuli in Fig. 1. It will be seen that from left to right they 
contain progressively more differentiating cues, A 

The stimuli were drawn and then photographically reproduced on cards as 
mirror-images of the actual figures and words, The height of the figures was 3⁄4 


* W. E. Hick, On the rate of Bain of informatio; Psychol., 4, 
1952, 11-26; Ray Hyman, Stimulus information ac VP eA Mi ER. 
J. exp. Psychol. 45, 1953, 188-196; F. C. Frick, Some perceptual problems from 


fa poit of view of information theory, in Current Trends in Information Theory, 
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in. The reduced figures at Levels A, B, C, and D (Fig. 1) were obtained by appro- 
priately masking portions of the figures of Level E. Care was taken to insure that 
cues common to various figures appeared in the same location. 

Procedure. During the learning, the figures of Level E were presented, followed 
by their names. The sequence of trials differed for the three groups of Ss. For 
Group I, each of the eight stimulus-response pairs was presented twice in a 


A B c 
LEVEL 


Fic. 1. STIMULUS FIGURES 
Usep DurING LEARNING 
(CoLUMN E) AND DURING 
TESTING (PROGRESSIVELY 
FROM COLUMNS A TO E) 


block of 16 trials. In the case of Group II, one of the eight stimuli was shown nine 
times per block, while the other seven were shown once each. The particular stim- 
ulus repeated nine times was rotated randomly over the whole group of 24 Ss. 
For Group III, two of the eight stimuli were shown five times each, while the remain- 
ing six were shown once, The two more frequent stimuli were chosen either 
from E, E», Es, E, or from Es, Es, Ex, Es; that is, both of the more frequent figures 
came from the upper or the lower half of Level E as displayed in Fig. 1^ 


n 

4 These particular relative frequencies during learning for the three groups were 
an on the basis of two considerations; first, to have the same number of trials 

per lock for the different groups and, secondly, to get a reasonably broad coverage 

OF uncertainty values. 
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The order of presentation of the stimuli within blocks was randomized. Learning 
proceeded until a criterion of one errorless block of anticipations was reached, 

The purpose of the testing phase was to determine at what stage in a sequence 
of incomplete or reduced figures, $ would be willing to name the figure. Follow- 
ing the learning trials, these instructions were read to all Ss: 


During this part of the experiment, I am going to choose one of the objects whose 
name you have learned. Rather than presenting the entire object at one time, I will 


clues, After you have recognized an object and have responded with its name, a new 
series of clues will appear in which a different object will become apparent and 
to which you are to respond with the correct name as soon as you recognize the 


The Ss in all groups were then shown four sequences or trials of testing cues, each 
terminating when § named the figure. The eight possible Sequences may be in- 


TABLE I 


ToraL oF FIGURES SEEN nv 12 Ss IN EACH SUB-GROUP BEFORE 
FIGURE 15 NAMED IN TESTING SEQUENCE 


Test-Sequence 
Group Sex Average 
I II III IV 
I Men 35 40 42 41 39.5 
Women 28 37 32 41 34.5 
II Me ? 34 38 40 36 37.0 
Women pi 27 35 38 39 34.8 
III Men 35 40 42 51 42.0 
Women 36 38 39 40 38.3 
Average of all groups 32.5 38.0 38.8 41.3 


ferred by following the tree in Fig. 1 from left to tight. The four sequences for 
an $ were chosen such that one led to E, or Es, one to Es or Es, one to E; or Es, 
and one to E; or Ey. Both the particular sequence from each pair and the order of 
the presentation among the four selected sequences were determined randomly. 


RESULTS AND DISCUSSION 


The score assigned to an $ on a particular trial of the testing phase was 
the number of stimuli between 1 and 5, shown prior to his naming re- 
sponse. Since there were 4 tests Of sequences, S's total score could be 


between 4 and 20. The obtained range for these total scores was 5-19. 


E 
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The difference between sexes is quite sizable and consistent, althought the 
F falls short of significance. The three groups respond, on the average, 
at the same point in the sequence of tests. 


It is true, of course, that a. stimulus which was frequent during learning might or 
might not be the correct response during the test-sequence. Thus, for example, for 
Group II, a high-frequency response was correct up to Level D for only one se- 
quence, and for two sequences a high-frequency response was incorrect beyond 
Level B. Therefore, the analysis of over-all scores lacked sensitivity. This was 
recognized in the design of the experiment so that both high frequency stimuli 
for Group III were included in the upper or*lower half of Fig. 1. This made it 
possible to compare the responses in both Groups II and III for all cases where 
$s passed Level B without naming the figure. This allowed for a comparison on an 
intra-individual basis between paths leading to the half containing one or two 
high-frequency stimuli and the paths leading to the half with all stimuli of low 
frequency. The average points of response for the sequences entering the high and 
low frequency-halves were determined. A plus was assigned if the average score 
for the low frequency-paths was higher than the average for the high frequency- 
paths, and a minus sign if the other way around. An excess of plus over minus 
signs would support the hypothesis that more stimulus-information leads to earlier 
tesponding. The results for Group II were 7 pluses and 5 minuses, and for Group 
III 8 pluses and 6 minuses. These differences are, of course, far from significant. 

To determine if the Ss responded to the differential frequencies of presentation, 
an analysis was made of the frequencies of the various responses for Groups II 
and III. Ninety-six responses were made by the Ss in Group II, and of these, 15 
were names of the frequent stimulus (appearing nine times per block) and 81 were 
names of one of the other seven stimuli. Similarly, of the 96 responses for Group 
III, 27 were high-frequency names (one of the two stimuli appearing five times each 
per block) and 69 low frequency-names. The results of Binder and Feldman 
Show clearly that the relative frequencies of responses to ambiguous cues (Levels A 
through D, Fig. 1) tend to equal the relative frequencies of occurrence of the full- 
cue objects (Level E) with which the responses were associated during learning.” 
If the Ss in Group II responded with high-frequency names on the basis of an 
equal choice among the alternatives, we would expect the proportion to be 0.125. 
The obtained result of 0.156 differs little from that; comparable figures for Group 
III are 0.250 and 0.281. Binder and Feldman did not, of course, use repeated 
responses, Moreover, responses in the present experiment depended upon the test- 
sequence, For these reasons, a further analysis was made of high-frequency names 
chosen during the first sequence presented to each S and restricted to responses 
at Levels A or B." For Groups II and III pooled, only 5 of 22 first sequence A or 
B responses were of high-frequency names. This obtained proportion of 0.227 may 
be compared with the proportion of 0.176 expected in the absence of any high- 
frequency preference. Matching would lead to a proportion of 0.588. 

Subsequent experiments of Binder and of Feldman confirmed the matching 


* Arnold Binder and S. E. Feldman, The effects of experimentally controlled ex- 
Petience upon recognition responses, Psychol. Monogr., 74, 1960, (No. 496), 1-43. 
Binder and Feldman, op. cit, 3-22. 
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tendencies found by Binder and Feldman.” The principal differences between the 
present experiment and the earlier ones are: (a) the population from which the 
Ss were selected—the other experiments used college students; and (b) the 
meaningfulness of the stimuli—the others used stimuli with no relationship to 
actual objects. The possbile effects of these (or more subtle) differences in pro- 
ducing the discrepant results will have to be explored in future research, 

It does seem clear that the Ss in this experiment were not influenced in the 
test-responses by the varied frequency in the learning phase. On the other hand, 
neither did $s respond with equal frequency in choosing among the names of the 
eight stimuli. Table II presents the frequencies with which the names of each of 
the eight stimuli were given, for each of the three groups and totally. It is per 
fectly apparent that the names "sail" and "banner" predominate; in fact 42% of 
all responses given consisted of these two. While the Ss did not respond more fre- 
quently in accord with the experimentally defined information, they used their prior 
cultural experience to reduce the uncertainty inherent in the test-performance. That 
is, either the ambiguous cues "looked more like" certain stimuli than others of 


TABLE II 
Frequency or Resronse witu EACH STIMULUS-NAME 
Stimulus Name Group I Group II Group TIT Total 
golf flag 14 M 14 42 
seanay pennant 7 10 6 23 
sail 26 20 16 62 
vacuum cleaner 5 8 12 25 
tomahawk 7 6 12 25 
battle axe hd 2 3 6 11 
hatchet » 12 16 13 41 
banner 23 19 17 59 


the full-cue stimuli occur at differential frequencies culturally, or some combina- 
tion of these and perhaps other factors influenced the choices. 

Tt is also possible to relate the test-scores to the response-uncertainty, that is, to 
these differential frequencies of response. Responses were categorized as low-fre- 
quency responses (with high informational value), or high-frequency responses 


numbers statistically, since they are averages within Ss over trials as well as ovet 
= quently, to test statistically the hypothesis that high-frequency responses occur 
earlier in the sequences than low-frequency responses, intra-individual comparisons 
were made. For $s who gave both high- and low-frequency responses, the analysis 
a ee eer poses, the anaram 


" Binder, Suppl poete - 
pra int peel, s responses to ambi s cues follow- 
Pelate fomes sf; ex. Prscbol, 61, 1961, 263-264; S. E. Feldman, 
240-247. ies to ambiguous "concept-classes," J. exp. Psychol, 65, 1963, 
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consisted of comparing the average point of high-frequency response with the 
average point of low-frequency response by means of the sign test. The results are 
given in the lower part of Table III. It should be pointed out that this effect is 
not the result previously found of longer delays during the later sequences, The 
responses to Es and Es did not occur more often during early test-sequences. The 
evidence is therefore quite convincing that reduced uncertainty of response as defined 
in this context is associated with earlier responding within a sequence of cues leading 
to increasing object-specification. 

There is a difference between men and women in this experiment, This was 
evident, although not significant, in Table I. It is also shown by an analysis of 


TABLE MI 


Comparison OF SCORE (STAGE IN ‘Test-SEQUENCE) OF HIGH- AND 
Low-FREQUENCY RESPONSES 


i Group 
et 
jueng 
Mea I Hl m 
high 2.59 2,63 2.81 
Average scores 
low 3.59 3.23 3.61 
e^ 14 14 14 
Sign test 
p 006 .029 001 
TABLE IV 
ERROR DISTRIBUTION OVER STIMULI DURING LÉARNING 
Errors ` 
Stimulus —— 
Group I Group IL Group II Total 
1 7 19 11 37 
2 19 26 20 65 
3 9 14 8 31 
4 6 3 4 13 
5 28 2 38 88 
f 28 43 9 iH 
30 33 
8 p 26 25 5 


error scores, The men made significantly fewer errors than the wore, Garin 
surprising, since the avefage educational level of men at the Sy Dee 
Corporation is higher than that of women, One is led to the hypothesis that h 
higher educational level leads to a tendency toward more certainty á 
ing. Sex and educational level are confounded in this experiment. They were M 
Kiesler and King's experiment, in which there was no ed : reason- 
tendencies between men and women.” This hypothesized relationship seems 
able on intuitive grounds. stimul: 
One other result is of interest—the distribution of errors over the stimulus 


“Kiesler and King, op. cit, 5 
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It is evident that the preference for a response to E; and Es during testing c 
be explained as overlearning, since, using errors as a measure, these two respo 
do not differ from the rest, 

The above comparison of high-frequency response vs, low-frequency response is 
similar to Hyman's analysis of the relationship between reaction-time to an im 
dividual stimulus and the probability of occurrence of that stimulus Although: 


3 Perhaps the results of the present experiment have significance for the question, 
discussed fully by Garner, as to whether the perceptual effects (including reaction- 
time) of information stem from stimulus- or response-uncertainty." While the dis 


SUMMARY 


The present experiment investigated the relationship between different 
relative frequencies of presentation during the learning of paired-associates 
and the point of recognition in a sequence of cues derived from the 
learned figures and providing gradually increasing object-specification, 
Three groups of Ss learned the names of eight figures to a criterion and 


associated with earlier fesponding in the sequence of cues. 
A Hyman, op, Cit, 188-196, P 
JR Newbrough, Interaction between i i i 
"y. formation in visual recognition, ax. pots [formation AW 
+ R. Garner, Uncertainty and tructure as Psychological Concepts, ‘1962, 35-38. 


RANDOMIZATION BY HUMANS 
Gustave J. RarH, Northwestern University 


The idea that humans are not good randomizers comes from psycho- 
physics.! The conjecture that their attempts to randomize will show the 
inverse of the order they expect in the world arises from these studies. 
Alternative hypotheses may be found in Ross.? For example, if $ expects 
to receive ones in a binary sequence with a high probability, then he will 
write zero with an equally high probability. 


The experiments by Senders and Day were directed toward the evaluation of the as- 
sumption that humans when forced to guess in a psychophysical experiment will 
do so randomly. Senders found that the assumption of randomness is met closely 
enough so as not to invalidate seriously many experimental techniques or methods 
of analysis, even though non-randomness clearly exists. 

There has been an interest among psychologists and economists in evaluating 
game-theory as a model for human behavior. While the greater part of the re- 
search has been directed toward the study of strategy in different games and in 
the problem of subjective utility, a question which is not commonly studied is: 
Can a player carry out a mixed strategy? A very simple class of mixed strategies 
consists of randomizing a set of pure strategies. In playing "Scissor, Paper, and 
Rock" or matching pennies, the optimum (game-theoretic) strategy would consist 
of choosing the alternatives randomly with equal probabilities. 


The generation of random sequences using more than two alternatives 
has not been followed to the study of 10 (decimal) and 26 (alphabetic) 
alternatives, Early psychophysics did concern itself with more than two 


* Received for publication November 18, 1963. The pro; for the re- 
duction and analysis of "this data was done by Francs PR the IBM 
A une a egy 
. W. Fernberger, Interdependance of judgments within the series for 
method of constant stimuli, pom Psychol), 3, 1920, 126-150; Leon Arons and 
F. W. Irwin, Equal weights and psychophysical ju , ibid, 15, 1932, 733-751. 
€ E Ross, andomization a binary series, this JOURNAL, 68, 1955, 136138. 
- L. Senders and Ann Sowards, Analysis of response sequences in a a 
perchophysical experiment, this TORNADOS 1952, 358.374; Senders, Further 
analysis of response sequences in the setting of a l t, this 
JOURNAL, 66, 1953, 215-228; W. F. Day, Serial non-randomness in auditory differ. 
Satial-thresholds as a function of interstimulus interval, this JOURNAL, 1956, 69, 
87-394; A descriptive analysis of the non-randomness of seri threshold data, this 
yo c ET making. Psychol. Bull, 1954, 51, 380- 
wards, theory of decisi ing. Psychol. " » 38 
JU; M. M. Flood, in R. M: Thrall, C. H. Coombs and R. L Davis (eds), Decision 
et, 3 
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alternatives. Three alternatives were studied by Lieberman, but he carried 
out no serial analysis. These results may be interpreted to favor alternation, 
even though he didn't choose to. Placing three different symbols in a cell 
may be considered an alternation. Recently, Ross and Weiner explored a 
very large set of alternatives in using matrix and spatial patterns." It 
seems appropriate to study the behavior in fairly large samples and with a 
higher number of alternatives. 


METHOD AND PROCEDURE 


Apparatus, The Ss were furnished with printed forms which contained in addi- 
tion to identification locations, a grid of 25 by 10 rectangles on a sheet of 815 x 11dn. 
paper. They were provided with a booklet containing 10 pages (2500 rectangles) 
and a pencil. 

Subjects, Sixty volunteer college students served as Ss in the experiment. y 

Procedure, The Ss were arbitrarily divided into three groups of 20. Three con: 
ditions were established involving respectively the randomization of binaty (0-1), 
decimal, and alphabetic characters. Each $ served only under one condition; thus — 
we shall call each group by the condition in which they served. 

The Ss were instructed to write random characters. Rendomness was explained 
through the use of an actual urn model, but only one draw was made from the 
urn in the demonstration. The Ss were paced by writing page numbers on a black- 
board every 5 min. They were instructed to keep up to or ahead of the page 
number on the blackboard, They were further told that they could leave the ex- 
periment as soon as *they had completed the booklet. The time to complete the 
booklet was recorded for all the Ss. 

Tests. (1) "The first test performed dealt with the equal probability of responses 
(engrams), The null hypothesis can be formally stated as follows: 


He: P (Re = J) = WN, i=j 
where R, is a random 


variable consisting of the Ss responses defined as follows 
for the three conditions 


T0. in the Binary Case p RC 

0,1,2,...9 , in the Decimal Case and N = 10 

&b6...z, in the Alphabetic Case and N = 26. 

(2) The second test applied to those Ss who were retained in the first test, that 


is, those not showing a bias in terms of single responses. Formally, using the 
Previous notation, one would state the null hypothesis 


* M. G. Preston, Con 
48. an s eyed 
rnhardt Lieberman, How people predict th; i cells 
Psychol. Rep., 13, 1963, 711-71 ji LE e DIRE ill into three 1 
* B. M. Ross and S. G. Weiner, 
Skills, 17, 1963, 587-600. 
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Ho : P, (R, Reo) = P (Rs) P (Rsu). 


"he effect of this analysis and the other higher order analysis is to remove the 
lower order biases and test only the bias at the level. 

The one § who was not rejected by the two previously states tests was tested 
for the equiprobability of his third order of trigram frequencies. The logic followed 
was the same as for the second-order test. 

A 95% level of confidence was used in all tests of statistical significance. 


RESULTS 


The engram or first order frequencies were tested for all the Ss by Chi 
Square. Four out of 20 Binary Ss responded with substantially equiprob- 
able responses. The remaining 16 departed significantly from 0.50. The 
data from all the decimal and alphabetic Ss deviated significantly. Consider- 


+20 


Number of Subjects Who Prefer 
Minus Number Who Avoid 


oto CHARACTERS 


Fic. 1. PREFERENCES IN THE RANDOMIZATION OF 
DECIMAL CHARACTERS 


ing diagram or second order frequencies only one out of the remaining 
four successful binary subjects did not allow the rejection of the hypothesis 
equiprobability. That single subject was rejected at the trigram level. 

To explore further the biases that were exhibited, the first order fre- 

quencies or engrams were examined for preferences. Eighteen of the 20 
binary Ss preferred one over zero. The decimal preferences are shown in 
Fig. 1, which shows that 1 and 2 are significantly preferred and 0, 5, 7, 8, 9 
are significantly avoided. The alphabetic preferences are even more inter- 
esting. 
à The eight most frequent letters in the English language (e, / 4, 6, t ^ 
i, and s) are preferred and the twelve letters, f, & j. b, p, q, by n v, W, X, 
J and z significantly avoided. A Spearman rank-correlation was car- 
tied out between the preferences for the letters and the ranks by frequency 
of the letters in the English language giving a correlation of 0.84. Fig. 2 
shows the alphabetic preferences. 
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The preferences of alternation versus repetition in the binary case was 
tested by grouping together 00 and 11, and grouping 10 and 01. Correcting 
for the engram (first order) biases, one finds that 16 out of 20 5s avoid 
repetition and prefer alteration. 

A more complete procedure is needed to analyze the decimal and alpha- 
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Fic, 2. PREFERENCES IN THE RANDOMIZATION OF 
ALPHABETIC CHARACTERS 


Minus Number Who Avoid 


Number of Subjects Who Prefer 


E 
ALL DIGRAMS WITH CONSTANT DIFFERENCE 


FiG. 3. FREQUENCY or REPETITION or DECIMAL CHARACTERS IN 
TERMS OF NUMBER OF STEPS IN SEQUENCE SEPARATING 
REPEATED CHARACTERS 


where N is the number of characters. Therefore, examples of difference 
0 would be 11, 99, za, or ff. A difference 1 would be 12, 54, 67, or ab, fe, 


RANDOMIZATION BY HUMANS mo 
jk, yz. Pooling the frequencies for all the data having the same difference, 


we can compare it by a Chi square with the expected frequencies, having 
corrected for the first order effects. We find, as illustrated in Fig. 3 and 4, 


420: 
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Fic. 4. FREQUENCY OF REPETITION OF ALPHABETIC 
CHARACTERS IN TERMS OF NUMBER OF STEPS IN SE- 
QUENCE SEPARATING REPEATED CHARACTERS 
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CHARACTERS GENERATED PER SECOND 
Fic 5. RATE OF CHARACTER PRODUCTION FOR THREE 


. SETS OF CHARACTERS 
Each Session Required Production of 2500 Characters 


that there is a great avoidance for difference 0 (repetition) and a great 
preference for characters adjacent in their natural sequence. 

The rate at which the Ss produce the characters decreases as the number 
of possible characters increases. The actual distributions of rates are 


illustrated in Fig. 5. 
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Discussion 


Aside from supporting the widely found and accepted knowledge that humans 
are not good randomizers, what has been found? 

Substantial agreement with the avoidance of repetition in a two or three choice 
situation exists between this study and the studies of Fernberger, Arons and Irwin, 
Zlotowski and Bakan, and the theoretical discussion of Skinner.’ There is disagree- | 
ment with the study conducted by Ross, who does not find the avoidance of repeti- — 
tion." In a further experiment, Ross and Levy support Ross's previous conclusions.” 
According to Bakan, the type of instructions, equipment, set, and method of analy- 
sis may lead to the observed discrepancies." 

The present study shows that the previous findings with binary sequences can 
be extended to decimal and alphabetic randomization. The $s do avoid repetition 


alternation in the binary case. 1 

The formulation of a set of simple rules for human choice-making has not been 
advanced, but a series of hypothesis can be generated. One hypothesis is that the 
first order preferances when dealing with alternatives, which are common in a 
culture, should reflect S's experience with the alternatives. This hypothesis is — 
generated by the high correlation between S's alphabetic character preferences and 
the frequencies of the characters in the English language. Another hypothesis is 
that $s expect repetition in the world and do not expect Change (the Cournot 
hypothesis in economics)." This is supported by the avoidance of repetition and 
preference for change when Ss attempt to generate a random sequence (what the 
world is not or what is not expected). 

An hypothesis sugested by the data is that the rate of information-generaiton A 
is a constant. That is, when a person has more alternatives to randomize, he will 
do it slower and with more redundancy. 


SUMMARY 


Ss are poor randomizers, as has been found in other studies. Their biases 
include the preference for characters which are more common in their 
culture. There is a strong correlation between the preferences of the Ss 
for certain alphabetic characters when attempting to randomize them and 
the frequency of the characters in the English language. 


* Fernberger, op. cit, 126-150; Arons and Irwin, of. cit, 733-751; Martin 
Zlotowski and Paul Bakan, Behavioral variability of process and reactive schizo- 
phrenics in a binary guessing task, J. abnorm. soc. Pirkol, 66, 1963, 185-87; B. F. 
Peas The process involved in the repeated guessing, J. exp. Psychol., 30, 1942, 
? Ross, op. cit, 136-138. 


B. M. Ross and Nissim Levy, Patterned productions of chance events by children 
and adults, Psychol, Rep., 4, 1958, 87-124. 
™ Paul Bakan, Response-tendencies in attempts to generate random binary series, 
this JOURNAL, 73, 1960, 127-131, 
A. 
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The finding that the 5s avoid repetitions and prefer alternation can be 
extended to decimal and alphabetic randomization by redefining alternation 
as the choice of an adjacent character in the natural sequence. 

Lastly, the rate of character generation is negatively correlated with the 
number of alternatives to be randomized. 


TWO SOURCES OF DISTRACTION IN INCIDENTAL LEARNING 


By WILMA A. WINNICK, 
Queens College of the City University of New York 


Winnick and Lerner studied the effects of three kinds of external 
distraction on intentional and incidental learning.’ Although all three dis- 
tractions effected a slowing down of intentional learning, no comparable 
effect was found on the amount of recall for irrelevant material shown 
simultaneously with the material to be intentionally learned. The apparent 
immunity of incidental learning to distractive effects was viewed as possibly 
due to the special characteristics of incidental learning. This type of 
learning, occurring as it does at the same time as other learning or with 
attention directed elsewhere, may be so highly selective as to occur even 
in the presence of distraction. 

On the other hand, the contrast shown by the effect of distraction on 
intentional learning and its lack of an effect on incidental learning may 
be a function of the experimental procedure. In the study cited, distraction 
was introduced only»during intentional learning, not during the test of 
incidental recall; this raises the possibility that the findings reflect differen- 
tial effects of performance. 

The present study, therefore, in its first experiment, attempted to deter- 
mine whether the resistance of incidental learning to distraction would 


immunity would be demonstrated at both the learning and the performance 
levels. 

A second experiment is also feported which, in contrast with the first, 
introduced a source of distraction inherent in the learning situation. John- 
son and Thomson found incidental learning to occur when the incidental 
task (recall of nonsense-syllables being memorized by a partner) was a 


* Received for publication November 9, 1964. Sı h 
Graduate Division of the City University of New Youn H2 FAL m t I 
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ulfillment o! requirements for degree 

College Wi = ay Univesity of New York. OF Master of Arts from reens 
. A. Winnick a R. A. Lerner, Intentional i i 

distraction, this JourRNAL, 76, 1963, 683-686. oos! etd Tncidtnsit E uer 


104 


TWO SOURCES OF DISTRACTION IN INCIDENTAL LEARNING 105 


distraction for the simultaneous intentional learning of other syllables by 
$.? The nature of the task, however, was such that no control measure (i.e, 
scores from a ‘no distraction’ group) could be obtained to evaluate the 
amount of incidental learning. In the present study, the distraction arose 
from an incongruity between the intentional and incidental materials to 
be learned. It was predicted that increased attention would be required to 
learn the intentional material with a consequent reduction in the amount 
of incidental learning. 


EXPERIMENT I 


Method: (1) Subjects. Four groups of 16 Ss each were composed by random 
assignment of students in introductory psychology. 

(2) Experimental design. A 2 X 2 factorial design was used, comprising two 
treatment groups (distraction, no distraction) during intentional learning and two 
similar treatment groups for the test of incidental recall, 

(3) Apparatus and materials, A list of 12 girls’ names was exposed on a La- 
fayette memory drum and served as the relevant material for intentional learning, 
Each name was typewritten in a 24% by Vj-in. rectangle of color, the color pro- 
viding irrelevant mategial in temporal and spatial proximity to the relevant. The 
names and colors were those used by Winnick and Lerner? The ‘distraction’ ma- 
terial consisted of a recording of World News of 1959 narrated by Walter Cron- 
kite and played through earphones on a Wallensak tape recorder. 

(4) Experimental procedure, The method of anticipation was used for the inten- 
tional learning; the names were exposed at a 2-sec, rate With an 8-sec. inter-trial 
interval. Learning was continued to the criterion of one errorless trial, Immediately 
after the completion of intentional learning, the Ss were shown a chart with the 
six colors across the top and the names in serial order down the side. They were 
instructed to match names with colors; the number of correct matches was the 
incidental recall-score. 


Results and discussion, Table I indicates that groups exposed to distract- 
ing materials during intentional learning required a greater number of 
trials to criterion than groups learning without distraction. The means of 
the two distraction-groups (13.25 and 13.69 trials to criterion) were close 
to identity, as were the means of the two no-distraction groups (6.00 and 
5.88), indicating equation on intentional learning of the subgroups that 
were to receive varying treatments during the test of incidental recall, 
Analysis of variance revealed a significant difference between the distrac- 
tion-no-distraction groups (F, eo = 91.9; p < 0.001). 

Both serial positional curves and mean error-rates for intentional learn- 
ing were compared for the two groups to determine whether the distraction 


*Ronald Johnson and Calvin Thomson, Incidental and intentional learning 
a conditions of motivation, this JOURNAL, 75, 1962, 284-288. 
. cit, 684. 
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exhibited drive-properties. Any such properties might be revealed in the 
greater rate of error and more peaked serial positional curves under dis- 
tracing conditions, both indications of the strengthening of initially 
strong incorrect responses by increased drive. Although mean error rates 


TABLE I 
MEAN SCORES FOR INTENTIONAL LEARNING AND FOR INCIDENTAL RECALL 
(Experiment I) 
Conditions during intentional learning 


No Distraction Distraction 
Conditions Trials to Trials to 
during learn int. DEM learn int. Er 
incidental material paa material eng 
recall 
No distribution 6.00 2.38 13.25 Are 
Distribution 5.88 2.38 13.69 3.00 
100 
N 
$ 
€ .60 i 
w 
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Fic. 1. SERIAL POSITION-CURVES FOR INTENTIONALLY LEARNED 
MATERIAL WITH AND WITHOUT DISTRACTION 
(Experiment I) 


82590: 155 12 


> 


were identical under ‘distraction’ and ‘no-distraction’ (mean = 1.9 
errors pet trial), the two serial positional curves, as shown in Fig. 1, were 
somewhat different in shape. 

The serial positional curves have been plotted using mean log errors 
(overt errors plus omissions). The logarithmic values convert the possible 
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multiplicative influence of experimental variables into an additive curve.* 
To evaluate differences between these curves a two-way mixed analysis of 
variance (experimental treatment, serial position) was carried out for the 
data plotted in Fig. 1. This analysis found significance in both main effects, 
for treatments (F, e2 = 50.03; p < 0.001) and positions (Fy1,6s2 = 
44.45; p < 0.001) and in the treatments by positions interaction (P;; is 
= 64.09; p < 0.001). The significant interaction, revealing as it does a 
difference in shapes of the curves for the two treatments, may be taken as 
indicative of drive-characteristics of distraction. 

The data in Table I show little difference in the amounts of incidental 
material recalled among the four groups. The mean numbers of colors 
recalled for the two subgroups learning intentional material without dis- 
traction were identical: 2.38 for both groups, one tested under distraction, 
the other tested without distraction. Distraction, then, introduced during 
the test of incidental recall had no effect on test scores, where there had 
been no distraction during intentional learning. A loss on the recall test 
for the distraction group would have been indicative of a performance 
effect. For the two subgroups learning intentional material under distrac- 
tion, a small nonsignificant difference in incidental recall scores was ob- 
tained; the groups tested without distraction having a mean of 1.75, the 
group tested with distraction a mean of 3.00 colors recalled. 

An analysis of variance of the incidental scores showed no significant 
differences in incidental recall scores for the treatments or for their inter- 
action. An analysis of covariance was carried out in order to correct the 
incidental recall scores for differing numbers of tríals in intentional learn- 
ing; none of the residual treatment Fs or interaction Fs were significant. 
Incidental learning has thus been shown to be unaffected by. distraction 
introduced either during the course of intentional learning or during the 
test of incidental recall. 


EXPERIMENT II 


The purpose of thís experiment was to study the effect of a distraction 
that arises in the learning situation itself. To create such an arrangement, 
the learning materials üsed in Experiment I (colored, girls’ names) were 
paired with the names of different colors It was predicted that such 
paired-associate learning would by its very nature be more difficult than 


' M. H. Glanzer and S. C. Peters, Re-examination of the serial position effect, J. 
exp. Psychol., 64, 1962, 258-262. 

* This experimental arrangement is based on an hypothetical experiment described 
by B. J. Underwood, Psychological Research, 1957, 165. 
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either colored names of girls paired with non-color words or uncolored 
names of girls paired with color names. Furthermore, it was predicted 
that the incidental learning of the association of the irrelevant colors with 
the girls’ names would be less in the first situation described than in the 
second. It seemed reasonable to expect that such incidental learning must 
suffer as a consequence of its incongruence with the intentional learning. 
Such a prediction seems to stem either from a common-sense interpretation 
that incongruence hurts learning, or from the belief that a funnelling of 
attention away from the irrelevant material may be necessary in order for 
intentional learning to occur.* 

Method: (1) Subjects. In all, 45 introductory psychology students served as Ss, 
15 in each of the three experimental groups. In addition, 10 Ss from Group I 


and six from Group II had to be dismissed when they failed to learn the material 
within 20 trials. Learning materials for the groups were: Group I, girls’ names 


TABLE II 
MEAN Scores FOR INTENTIONAL LEARNING AND FOR INCIDENTAL RECALL 
(Experiment II) : 
Intentional learning: Incidental learning: 
Group trials to criterion number recalled 
I 15.00 4.00 
It 17.53 6.00 
II 14.33 = 


on colored background ‘paired with conflicting color names; Group II, girls’ names 
on colored backgrounds paired with adjectives; Group III, girls’ names on plain 
background paired with color names. 

(2) Apparatus and materials. Ten of the girls: names from Experiment I were 
exposed in five different sequences on a long-arm Lafayette memory-drum and 
served as stimulus-items in all three groups. For Group I, these names were typed 
against a 2V4 by 1% in. rectangle of color (irrelevant material) and were paired 
with conflicting color names (e.g. ‘Ingrid’ against a red background, paired with 
the word 'yellow'). Group II learned the same names on colored background, 
paired with adjectives (e.g. ‘Ingrid’ against a red background, paired with the 
word 'hateful'). Group III had the same pairs as Group I, but without any ir- 
relevant colors. 

(3) Experimental procedure. Standard Paired-associate learning procedure was 
used, with pairs exposed at a 4-sec. rate including a 2.2-sec. exposure and an 8-sec. 
interval. Learning was continued to the Criterion of one errorless trial, after 
which the Ss in Groups I and II were shown the chart used in Experiment I and 
asked to match colors and names for the test of incidental recall, 


Results and discussion. Table II shows the mean trials to criterion and 
mean errors in the three groups and incidental recall scores for the two 


* D. H. Kausler and E, P. Trapp, Motivation and cue utilization in i j 
incidental learning, Psychol. Rev., 67, 1960, 373-379. pace 
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groups (I and II) for which the incidental recall test was appropriate. That 
Group I, for whom irrelevant colors differed from the relevant color words, 
took fewer trials (though not significantly so) to learn than Group Il is 
contrary to what had been expected. Analysis of variance of both the trials 
to criterion and the error data revealed no significance among the three 
groups on intentional learning. In evaluating these data, it must be recalled 
that some selection of the Ss has taken place: 10 having been dropped 
from Group I, six from Group I. 

With intentional learning suffering no effect in Group I from the 
potential distraction of the irrelevant ‘colors, the incidental recall-scores 
themselves showed a slight dimunition; this was not unexpected and 
would seem to be a consequence of increased attention to intentional 
learning caused by the distraction posed by the incidental material. A 
t-test comparing the scores in Groups I and II (4 and 6 colors recalled, 
respectively) indicated this small difference to be significant (tes at = 2.82; 
p < 0.01). With a covariance analysis correcting incidental scores for 
the small difference in intentional learning scores, the significance of this 
difference was wipéd out. 

In evaluating these incidental learning scores, the selection of the Ss must 
again be mentioned. It seems quite possible that the 10 Ss dropped were 
those having difficulty with intentional learning because of interference 
from the irrelevant material. Put otherwise, these fhay have been the Ss 
who were experiencing conflict between the relevant and irrelevant material 
and were unable to concentrate on the relevant by attempting to ignore 
the irrelevant colors. On the other hand, Group II also represents some 
selection of Ss, six having been dropped; why these Ss failed to learn in 20 
trails is not clear. Both groups, however, represent Ss selected from among 
those appearing for the experiment; in Group I these may be the better 
concentrators, while the characteristics of the Ss in Group II are not so 
easily identified. 


Discussion. The present study has demonstrated in the first experiment 
reported that incidental learning, in contrast to intentional learning, re- 
mains unaffected by an external distraction, introduced either during ex- 
posure to the material or during the test of its recall. The second experiment 
found that a source of internal distraction had no effect on intentional 
learning and only a slight effect on incidental learning. These findings are 
suggestive of differences in the nature of intentional and incidental learn- 
ing. 

There seem to be two possible explanations for the apparent immunity 
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of incidental learning to either external or internal sources of distraction. 
First, the lack of an effect of distraction on incidental learning may be due 
to the fact that this is the kind of learning that occurs under the most 
distracting of conditions—a distraction inherent in the type of learning— 
with attention directed toward the learning of other materials. Since inciden- 
tal learning typically occurs under such conditions, the imposition of further 
distraction does not substantially reduce the amount learned. Its imposition 
during the test of recall, of course, makes the recall conditions more similar 
to original learning; on the other hand, where distraction was present 
during learning but was absent during recall, this alteration of conditions 
had no more effect than where distraction was present during recall but 
not during learning. In other words, both the actual learning of incidental 
material and the performance involved in the recall of the material have 
been shown to be unaffected by distraction. 

A second, possibly related, explanation might emphasize the high degree 
of selectivity of incidental learning, Incidental learning, under the condi- 
tions studied is likely to occur for stimuli having, for a variety of possibly 
idiosyncratic reasons, some initial associative possibilities. Such initial 
differentiation of pairs may reflect such strong associations as to be resistant 
to any type of interference. This, of course, is the kind of explanation ap- 
plied by Postman and Adams to the finding that exercise, though 
strengthening intentional learning, does not increase the amount of inci- 
dental learning and to the finding that incidental learning is subject to 
less intra-serial interference than is intentional.” This study has further 
demonstrated that incidental learning is less subject to interference from 
factors extraneous to the learning situation as well as to distraction built 
into the learning itself. 


"Leo Postman and P. A. Adams, Studies in incidental learning: VI. Intraserial 
interference, J. exp. Psychol., 54, 1957, 153-168; VII. Effects of frequency of exer- 
cise and length of list, bid., 56, 1958, 86-95. 
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AN ACQUIRED DRIVE BASED ON CONFLICT 


By R. A. CHAMPION and GRETA ALLEN, University of Sydney 


An acquired drive has been defined as a learned response which has 
the same effect on other responses as deprivation and strong stimulation,? 
Although the hypothetical response of fear may be a component of the 
innate response to noxious stimuli, it has also been described as an ac- 
quired drive because it may come to be elicited by a previously neutral 
stimulus through learning, and because other responses are then activated 
by this stimulus.? The technique used to study the acquisition of fear has 
been that of classical conditioning; a neutral stimulus such as a tone is 
repeatedly presented in conjunction with a noxious stimulus like an elec- 
tric shock, the conditioned and unconditioned responses being taken as 
fear and pain, respectively. 

It has been suggested that frustrative nonreward and conflict may act 
as sources of acquirable drive, just as noxious stimulation does in the 
case of fear. Wagner has shown that neutral stimuli paired with frus- 
tration in rats take on reinforcing and energizing properties; frustration 
being defined as the withholding of a previously given reward. The fol- 
lowing study was designed to discover if a neutral stimulus paired with 
conflict will also come to elicit a response with drive-properties, conflict 
being defined as the simultaneous presentation of two or more stimuli 
eliciting incompatible responses. In other words, the aim was to deter- 
mine if conflict, like noxious stimuli and frustration, has drive effects 
which can come to be elicited by a neutral stimulus through classical con- 
ditioning. Care was taken to ensure that the method of generating con- 
flict did not involve noxious stimuli, so that any evidence for acquired 
drive could not simply be interpreted in terms of fear. The technique used 
to detect the acquired-drive effects was that of the probe stimulus, it being 

A 


* Received for publication August 24, 1964. 

me S. Brown, The Motivation of Behavior, 1961, 140, 144. 

Brown, op. cit, 144. y A 
.'Abram Amsel, The role of frustrative nonreward in non-continuous reward 
situations, Psychol. Bull., 55, 1958, 102-119; N. E. Miller, Liberalization of basic 
S-R concepts: Extensions to conflict behavior, motivation, and social learning, in 
Sigmund Koch (ed.), Psychology: A Study of a Science, 2, 1959, 198-212. 
15 a B Wigi Conditioned frustration as a learned drive, J. exp. Psychol., 66, 

63, 142-148. 
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assumed that a response elicited in the presence of the acquired drive 
would be potentiated by it. 


Method: (1) Subjects. The Ss were 30 undergraduates and 10 office workers, 
allocated to an experimental group (9 men, 11 women) and a control group (10 
men, 10 women). 

(2) Apparatus. The S was placed in a sound-reduced room separate from that 
containing E and the main apparatus. Words were projected on a 23 X 17-in. 
milk-glass screen 5 ft. in front of S at eye level, in colored letters 11/ in. high on 
a white background. The CS was a 2000 ~, 85db. tone of 200 m.sec. duration de- 
livered to $ through headphones. The stimuli used to produce conflict consisted of 
the following words in color: ‘red’ in blue, ‘yellow’ in blue, ‘blue’ in red, ‘yellow’ 
in red, ‘red’ in yellow, and ‘blue’ in yellow. Three other stimuli were used for 
habituation and as probes: ‘red’ in red, ‘blue’ in blue, and ‘yellow’ in yellow. Each 
word was exposed for 200 m.sec. The reaction-time of $ was measured with an 
electronic chronoscope. It started with the onset of each word presentation and was 
stopped by pressure on a 3 X 1 in. horizontal panel on the left arm-rest of S's chair. 

(3) Procedure. The $ was instructed to press the panel and say each word aloud 
as soon as it appeared on the screen, having been warned that a tone would 
be heard from time to time. The first trial for all Ss was a pretest probe, consisting 
of a presentation of the stimulus to be used as CS (tone): followed 3.5 sec. later 
by ‘red’ in red. All the Ss were then given 79 presentations of the habituational 
stimuli, that is, ‘red’ in red, ‘blue’ in blue, or ‘yellow’ in yellow, in random order 
with the restriction that no one word occur more than three times in succession. For 
the members of the experimental group a training trial was inserted after 10, 23, 34, 
44, 57, and 69 habituztional trials; each training trial consisted of a presentation 
of a tone (CS) followed by the conflict stimulus (UCS) after a 0,5-sec. interval. 
The Ss of the control group were presented with the conflict stimulus alone at the 
same six stages, and they also had six presentations of the tone, but the latter stimuli 
occurred at random in the whole series of trials with the restriction that tone and 
conflict stimulus never occur on succeeding trials. Finally, all Ss were given a 
post-test, which was identical with the probe-trial used as a pretest. It consisted of 
the tone followed by the neutral word ‘ted’ in red. The intertrial interval was 15, 


20, Or 25 sec. according to a prearranged random schedule. No ready signal was 
Biven at any stage. 


Results. The Ss were arranged in 20 matched pairs on the basis of their 
mean performance on the first 10 habituational trials. The results of the 
probe-trials before and after training are shown in Fig. 1, the measure 
being mean latency of panel-pressing to the stimulus-word. Both the 
experimental and control groups showed a significant decrease in mean 
response latency (t = 4.69 and 3.26 respectively, p < 0.01 for 19 df), 
but the change was significantly greater in the experimental group (t = 


5 " 

J. S. Brown, H. I, Kalish, and I. E. Farber, Conditioned fea; led b 
magnitude of startle response to an audito; stimuh €ar as revealed by 
317-328. Wagner, op. cit., 142-148. ry stimulus, J. exp. Psychol, 41, 1951, 


~~ —=e m 


AN ACQUIRED DRIVE BASED ON CONFLICT 113 


2.26, p < 0.05 for 19 df). A comparison of the mean scores for experi- 
mental and control groups on each of the two tests showed that while 
the difference was not significant before training (f = 1.38, p > 0.10 for 
19 df), the superiority of the experimental group was statistically signifi- 
cant after training (/ = 2.14, p < 0.05 for 19 df); the greater absolute 
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Fic. 1. MEAN RESPONSE LATENCIES FOR 
THE EXPERIMENTAL AND CONTROL 
GROUPS ON THE PRE- AND POST-TESTS 


The vertical lines show the variability 
of the scores as + 1 SD). 


difference between means on the pretest was offset by greater variability 
in performance at that stage. 

Performance on conflict trials is represented in Fig. 2; these trials in- 
volved the presentatiorf of tone and conflict stimulus for the experimental 
group (training) and of the conflict stimulus alone for the control group. 
The mean reduction in response latency from the first to the last conflict 
trial was significantly greater in the experimental group (f= 2.72, p 
< 0.02 for 19 df). 


Discussion. The mean latency of the panel-pressing response to the neutral word 
Cred' in red) decreased more in the experimental than the control group from 
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pretest to post-test probe-trials, suggesting that the tone (CS) had come to elicit a 
response with energizing properties, through being paired with conflict stimuli 
(UCSs) for the experimental Ss. The temporal interval between the tone (CS) 
and the neutral word (probe) was set at 3.5 sec. because of evidence that the 
latency of the energizing effect of fear is of that order,’ and on the assumption that 
the analogous property of an acquired drive based on conflict would have a similar: 
latency. It was therefore not anticipated that the experimental and control groups 


CONTROL 


EXPERIMENTAL 


„MEAN RESPONSE LATENCY (SEC) 


1 2 3 
BLOCKS OF TWO CONFLICT TRIALS 


Fic. 2. PERFORMANCE ON CONFLICT 
TRIALS 


would necessarily show differential performance during training, the interval of 
0.5 sec. between tone (CS) and conflict word (UCS) being chosen because of its 
general efficiency in promoting conditioning, The obtained difference (Fig. 2) may 
simply reflect the increasing effectiveness of the tone as a warning signal, which was 
available only to the experimental group, and this intefpretation is supported by 
the improved performance of the control group from pre- to post-test, with tone 
present. If it be allowed, on the other hand, that the conflict words (UCS) acted 
as a form of probe-stimulus, then the training data are compatible with the interpre- 
tation given to the test-data, and the results for the experimental group suggest 
that a stronger effect would have been achieved with prolonged training. In particu- 


"R. A. Champion, The latency of the conditioned fear response, this JOURNAL, 
77, 1964, 75-83. 
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lar, the rationale of the technique of the probe-stimulus implies in this context 
that the latency of the energizing effect of an acquired drive based on conflict may 
be as short as 850 m.sec. (CS probe-stimulus interval plus latency of panel-press- 
ing; see Fig. 2, third block of trials for experimental group). 

It may be suggested that there is an obvious and preferable alternative to an 
explanation in terms of the hypothesis under test. It may simply be said that the Ss 
have learned techniques appropriate to conflict situations, so that there is transfer 
of training to the present case, and that the superior performance of the experi- 
mental group is merely due to the fact that the tone serves as warning of the im- 
pending conflict. To be more specific, it may be argued that there is generated in 
the Ss of the present study a set to attend ofily to the letters and not the color on 
conflict trials, and that this set becomes activated by the tone. Following the example 
of Brown, Kalish, and Farber,’ this suggestion is taken as describing a possible 
mechanism for the predicted energizing effect rather than an alternative explanation 
of it. Finally, it may be noted that evidence for an acquired drive based on con- 
flict suggests a way in which conflict may persist long after the actual conflict 
situation has passed, and points to a factor which may be as useful as fear in 
explaining the origin and persistence of many abnormal behaviors. 


Summary. Forty Ss were presented with color names printed in letters 
either of the named" hue or a different hue. The S pressed a panel and 
read the word. The words served as probe or habituation and as conflict 
stimuli, respectively. A tone was presented 3.5 sec. before a probe stimu- 
lus as pre- and post-tests, with 79 intervening habituational trials, Ss being 
allocated to experimental and control groups in matched pairs on the 
basis of mean response latency over the first 10 trials, At six prearranged 
points, the experimental groups were given a training trial, consisting of 
the tone (CS) followed 0.5 sec. later by a conflict stimulus (UCS); the 
control group received the UCS alone at the same points and the CS 
alone an equal number of times at other stages. The experimental group 
showed a greater reduction in response latency for panel pressing from 
pre- to post-test, suggesting the existence of an acquired drive based on 
conflict, 


"Brown, Kalish, and Farber, op. cit, 326. 


SCALE OF WEIGHT FROM FRACTIONATION AND 
; MULTIPLICATION DATA 


Ram G. CHATTERJEA, Brown University, and BANDANA DASGUPTA, 
» 77 D.H. Training College, Calcutta 


Since the püblication of a scale for weight by Harper and Stevens, - 
several studies have been reported with less than complete agreement - 
about the correct form of the scale.t Most of these studies have used either - 
fractionation or a constant-sum method. To rule out certain sources of b 
in these methods, it seemed desirable to use the method of multiplication — 
as well. In this paper, we shall compare VEG scales constructed from halv- — 
ing and doubling procedures. 


The study by Guilford and Dingman used a method calling for ratio judgments 
* Two standard weights were used and each standard was presented with all com. 
parison weights, the set ordered roughly in geometric progression. These autho; 
found that subjective weight was a power function of physical weight with an expo 
nent of 1.2. Baker and Dudek also used ratio judgments, in particular, the constant- 
sum version of this method, and showed that scales constructed by different methods — 
did not agree? Warren and Warren pointed to the disturbing influence of the size- 
weight illusion. A study using fractionation with a varying presentation of the 
comparison weights produced a VEG scale differing slightly from earlier ones; 
Canter and Hirsh used several methods and concluded that fractionation, certainly 
if used alone, is not a suitable method for constructing a weight scale." The rect 
discussions of Stevens and of Torgersen clarify some of the procedural proble: 
siis and suggest the use of a combination of methods as employed in 
paper. 

Method: Subjects. Thirty students, 17 men and 13 women, graduate studei 


* Received for publication July 10, 1963. This paper is based on the second 
authors Master in Science thesis submitted to Calcutta University, 1962, and h 
been written in its present form by the first author. 4 

R. S. Harper and S. S. Stevens, A psychological scale of weight and a formula 
for AL EE Bee tae 61, 1948, 343-351. E 

_ J. P. Guilford and H. F. Dingman, A validation study of ratio j hod: 
tig jon P 1934, salo lation study of ratio judgment metho 

KE er and F. J. Dudek, Weight scales f. tio j d com: 
parisons of existent weight scales, J. exp. Psychol., 50, 1955. A ig EP 

R. M. Warren and R. P. Warren, Effect of relative volume of standard and com: 
Parison object on half heaviness judgment, this JouRNAL, 69, 1956, 643. 

R. G. Chatterjea.and Ramanath Kundu, Construction of a psychological scale of 
weight from fractionation data, Brit. J. Psychol, 51, 1960, 61-65. (i 

R. R. Canter and Jerry Hirsh, An experimental comparison of several psychi 
Jpgies cales of m ht, this BE ART en 1955, 649. 

. S. Stevens, Problems and methods o! chophysics, Psychol. Bull., 54, 195 
177-196; W. S. Torgerson, Theory and Methods P Sealing, 1962, To e 1 
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psychology, participated in the "doubling experiment, while: 10 others, 7 men and 
3 women, acted as Ss in the halving experiment The Ss ranged in age pn, Ar 
23 yt. 

Materials. Weights were constructed from dcdit pill mue ‘of Tar shape j 
and size. The set of weights was made up of five standard stimuli” (40, 80, 120, 
160, and 200 gm.). The comparison-weights for each standard: DU are shown 
in Table I. «x 

Procedure. Basically the procedure was the same as ore injan earlier paper" 
In the doubling experiment, the comparison-weights were presented first in a hap- 
hazard manner and again serially. The haphazard presentation consisted of presenting 
to the Ss one standard weight followed by all the comparison-weights listed in Table I. 
Thus a weight of 40 gm. would be followed by comparison-weights 60, 80, through 
440 gm. When judgment of a weight twice as heavy was obtained with 40 gm., 
the next standard weight would be presented along with the other comparison- 
weights, leaving aside the one selected by the S. The sequence continued with other 
standard weights. In the serial presentation, each standard was followed by four 


TABLE I | 
STANDARD AND COMPARISON WEIGHTS 


Standard Comparison weights (in gm.) 


(in gm.) multiplication fractionation 
40 60, 80, 100, 120 20, 25, 30, 35 
80 140, 160, 180, 200 40, 50, , 70 
120 220, 240, 260, 280 60, 75, 90, 105 
160 300, 320, 340, 360 80, 100, 120 140 
200 380, 400, 420, 440 100, 125, 150, 175 


comparison-weights only. Thus the 40 gm. standard was followed by comparison- 
weights of 60, 80, 100, and 120 gm. In the fractionation experiment the mode of 
presentation was restricted to the serial presentation as described above. 

The instructions to the $ in the doubling experiment were that he was required 
to find the comparison-weight that "feels twice as heavy as that of the standard" 
while in the fractionation method he was asked to find the comparison-weight 
that "feels half as heavy as that of the standard." 

Each standard was presented three times to each S in irregular order. 


Results. The mean of three judgments of each S for each standard was 
determined. Then the median judgment of the 30 Ss in the doubling 
experiment, and of the 10 in the fractionation experiment was calculated 
for final analysis, These are shown in Table II. The median judgments 
in serial presentation do not differ greatly from those with the haphazard 
Presentation in the multiplication data. Hence, separate treatment of the 
Serial and haphazard presentations was considered unnecessary. The 
judgments of serial presentation will be considered henceforth. 


; Chatterjea and Kundu, op. cit., 61. 
a This is in line with tie eae t put forward earlier. Chatterjea and Kundu, 
op cit, 62. 
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The psychophysical relation between the judgments of double and half 
the standard weight appear roughly linear. The VEG scale was derived 
from the data on the double judgment in the following manner. The 
weight that was judged twice as heavy as 100 gm. was found to be 188.7. 


TABLE II 


MEDIAN JUDGMENTS FOR EACH STANDARD WEIGHT OF Comparison-WEIGHTS 
THAT ARE TWICE as Heavy or HALF As HEAVY 


Double judgment Half judgment 
Standard + = 
(in gm.) serial haphazard serial 
presentation presentation presentation 

40 71.79 77.34 28.67 

80 139.87 140.20 54.33 

120 234.67 235.33 81.08 

160 312.32 290.77 108.89 

200 398.90 360.70 119.67 
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Fic. 1. VEG ScALEs PLOTTED ON LINEAR COORDINATES 
Straight line denotes scale obtained from fractionation data while dotted line 


shows the scale derived from multiplication data. 
Now we define the unit of subjective weight as the weight experienced 
when One lifts 100 gm., and call it 1 VEG, Since a weight of 188.7 gm. 
is judged twice as heavy, we assign 2 VEG to the physical weight of 188.7 
gm. In like manner, we can locate the physical weights in grams corre- 
sponding to subjective weights in VEGs for other values. The VEG scale 
constructed in this way for the double judgment is shown in Fig. 1. 
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Following a similar procedure, we are able to construct another scale 
from the fractionation data. Since a physical weight of 66.9 was judged 
to be half as heavy as that of 100 gm., we assign 0.5 V EG to the corre- 
sponding to physical weight of 66.9. gm. This scale is also shown in 
Fig. 1. 

The fact that the data fall close to a straight line on a log-log plot in- 
dicates that apparent weight in this case is a power function of stimulus- 
magnitude. The least-square solution for the half and double judgment 
data yielded the following exponents: — . : 


V 21.27 Wt for double judgment 
V —0.77 W-™ for 4 judgment 
where V is subjective weight in VEGs and W is stimulus-magnitude in 
grams. 
The exponents shown above were calculated from the judgments obtained 
from serial presentation, both for fractionation and multiplication data. 


Discussion. 'The exponents derived from the fractionation as well as 
from the multiplication method are slightly greater than 1.00. This corre- 
sponds to the findings of several studies summarized by Stevens and 
Galanter, where the slope was shown to have a range of 1.13 to 2.07.1? 

The trend of judgment in fractionation data is jest the reverse ob- 
tained from multiplication. While the half heaviness judgments are all 
overestimated, the double judgments are underestimated. This fits to the 
statement that halving and doubling operate in opposite direction.!* Em- 
pirical observation revealed no sex differences in the judgments obtained. 
Moreover, the pill boxes containing the weights being of equal shape 
and volume, this factor did not have the effect on judgment reported by 
Warren and Warren. The results, therefore, lead us to conclude that 
the psychophysical functions obtained by fractionation and multiplication 
methods are similar. 


Summary. 'The experiment was designed to compare VEG scale con- 
structed from fractionation and multiplication judgment data. It was 
found that the subjective weight is a power function of physical weight 
whether the fractionation or multiplication method is used. 


"S. S. Stevens and E. H. Galanter, Ratio scales and category scales for a dozen 
Perceptual continua, J. exp. Psychol., 54, 1957, 377-411. 

. Stevens, The measurement of loudness, J. acoust. Soc. Amer., 27, 1955, 821. 

“Warren and Warren, op. cit, this JOURNAL, 643. 


APPARATUS 
A DEVICE FOR PACED AND SELF-PACED VISUAL DISPLAYS 


By DAVID ARENBERG and WALTER W. SuRWILLO, National Institut 
of Health : 


Recent developments in theories and methods in the area of v 
learning require precise timing of the intervals during which various 
pects of the material are displayed and of the period during which O 
supposed to respond. For some purposes it is also desirable to presei 
self-paced trials in which the timing depends upon O's performance 0 
each item. Self-paced trials may be distributed throughout the ei 
acquisition-sequence for measures of intermediate learning as well $ 
for measures of final learning and retention. i : 

Self-paced trials and precise timing of intervals are provided by 
changing devices which are commercially available, but such d 
introduce some minimal interval of time between successive items to à 
the material to be changed. This interval of time is undesirable for mat 
experimental purposes, especially if inter-item interval interacts 
other independent variables. A system which uses a motion-picture pf 
jector (with synchronous motor) and films with appropriate n nber 
of frames to achieve precise timing of the material has proved quite satis: 
factory for some purposes in this laboratory. Although no interval ¢ 
time between successive items is required for this system, it is not feas 
ble to use it for self-paced trials. 

For studies of paired-associate learning, a device was designed wh 
permits the presentation of self-paced trials at any time during acq 
tion and which provides for precise timing of the intervals during v 
the material is displayed. No minimal interval is required between 
cessive items, and the sequence of items can be readily modified. 
device consists of three basic units: slide-projectors, cam-timer, 
control-panel. 


* Baltimore City Hospitals, Baltimore, land, 21224. j 
* The Cardmaster (Hunter Mfg. Co., Iowa City), for example, is a card-ch 
device with two shutters. Although it has considerable operational flexibility, 
5 p are required for each change of cards during which time both shutters” 
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Projectors. Projectors are used in pairs with the number of pairs depending upon 
the length of the unrepeated sequence of items during acquisition and the capacity 
of the projectors One of each pair projects the stimulus on the screen; the 
other displays the stimulus together with the appropriate response. Án extra pro- 
jector is used to project the stimuli for self-paced trials; this same projector also 
serves to illuminate the screen when no material is being projected. The projector. 
used in the self-paced trials is operated manually by a remote switch. 

Cam-timer. 'The cam-timer programs all events that occur during an acquisition- 
sequence, and the time required for a single rotation of the cam-shaft is the duration 
of a single item. Cams operate their respective microswitches which, in turn, light 
the lamps in the projectors or trigger the mechanism (in the projectors) which 
changes slides, As an example, suppose E wants the stimulus exposed for 1.00 sec., 
a blank interval of 1.00 sec., and finally the stimulus with its response exposed for 
2.00 sec. One cam is set to hold its microswitch closed for 1.00 sec., and the 
latter is connected in series with the lamp of the projector (Ps) that contains slides 
of a stimulus. A second cam is also set for 1.00 sec. and is positioned on the cam- 
shaft in such a way that the beginning of this 1.00-sec. interval coincides with the 
end of the previous one. The microswitch is connected in series with the lamp in the 
extra projector (P:) which contains a blank slide. A third cam is set for 2.00 sec. 
and is positioned on the cam-shaft so that the beginning of this interval coincides 
with the end of the previous one, The microswitch governed by this cam is con- 
nected in series with the lamp of the projector (P+) that contains slides of a 
stimulus with its response. The cam-shaft is driven by a synchronous motor at the 
rate of one revolution every 4.00 sec. Two other cams are set to close their micro- 
switches for a brief interval of time, and the latter are connected to the mechanisms 
that change the slides in Py and Ps. These cams are so positioned in the cycle that 
the slides in a projector are changed when its lamp is extinguished." 

Control-panel. The control-panel serves several control functions. One switch 
provides power to the motor of the cam-timer and is closed during paced trials 
and opened at a specific phase of the cycle to permit presentation of self-paced 
trials, For E to know which projector-lamp is lighted without the necessity of 
looking at the screen, a pilot-lamp for each projector is mounted on the control- 

* It is most convenient to use projectors with circular slide-trays of large capacity 
and with a shorting plug in the circuit of the lamp to t easy access to the 
wiring. The Carousel Model 570 (Eastman Kodak Co., Rochester, N. Y.) which 
is used in this laboratory is no longer available, but the Carousel Model AV-900 
can be used instead. Zoom lenses are used in all projectors to facilitate matching the 
size of the projected images. E 

* Two different cam-timers have been used. One was assembled in this pcr 
from components; the other yas obtained as a complete unit from Mone Stopwatel 
Corp, New York. To improve the precision of the latter, the original motor and 
gear-assembly was replaced’ by a heavier synchronous motor that was directly coupled 
to the cam-shaft. Unfortunately, the increased precision fe meet at the cost of a 

th 


loss in flexibility because the motor must the duration of 
paced items. The major advantage of the Meylan unit is the manner in which cams 
are connected to the cam-shaft. This feature permits cams for two contiguous inter- 
vals to be sully and accurately nized. Other types of cam-timers are availab 
(for example, Bristol units from Philadelphia Electronics). A unit with several extra 
cams and switches should be selected so that delays are not encountered when a 
component needs to be replaced. 
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panel. Two-position toggle switches are mounted above the pilot-lamps correspond 
to P; and Pa. Only if these switches are in the ‘on’ position are the lamps in th 
projectors and the corresponding pilot-lamps lighted when the appropriate micr 
switch of the cam-timer is closed. The ‘off’ position defeats the operation of 
cam-timer. Similar switches with ‘on’ and ‘off’ positions serve the same functio 
for the slide-cycle mechanism of each projector. Another ‘two-position’ switch 
also mounted on the panel for each projector. When the latter switch is in. 
‘run’ position, the cam-timer is connected for normal operation; in the 'calibrate" 
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: Fig. 1. CIRCUIT FoR CONTROL OF ONE PROJECTOR 
The heavy dashed lines designate the three basic units of which the device. 
composed. 


position, the cam-timer is connected to a 0.01-sec. chronoscope which permits E to 
check or adjust the settings of the cams. 

Fig. 1 shows the switches and the manner in which they are wired as well 
the connections among the three basic units. Note that the circuit is shown f 


differences in Ps the projector used for self-paced trials. Since P. is not used to 
project material during paced trials, the circuitry for changing the slide is omitted. | 


lamp in the projector, has a third position that is wired so that the lamp in 
remains lighted during self-paced trials, regardless of the position of the cam 
the cam-timer. To extend the number of paced items that can be handled by the 
device without changing slide-trays, an additional pair of projectors is used andy 
extra switches are added to the control-panel to permit a shift in control operatio s 
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from one pair of projectors to the other. All projectors are conveniently arranged 
on open shelves which permit access to both front and rear of the projectors. 


Operation of the device is quite simple. For paced items, the switch 
which supplies power to the motor of the cam-timer is turned ‘on’ to 
initiate, and ‘off’ to terminate, a sequence of items. For self-paced items, 
this switch is turned to the 'off' position. In addition, the switch that 
controls the lamp in P: is moved to the position which leaves the lamp 
illuminated continuously, and the switches that control lamps in the other 
projectors are turned ‘off’. During self*paced trials E presses a switch 
as soon as O responds to each item. This switch is on the remote-control 
unit which is supplied with the projectors and by pressing it the slide 
in P: is changed and the next item appears on the screen. Transition from 
paced to self-paced items and vice versa is accomplished quickly and 
smoothly. 

Two empirical findings should be mentioned. After 1,650 ‘on-off’ 
operations during preliminary testing, the standard type of lamp used 
in the projectors was still lighting with no perceptible change in intensity 
compared with an unused lamp. Also by setting the intensity of the 
lamps in P, and P, to ‘low’ (see Fig. 1), and in P, to ‘high,’ it was found 
that the after images seen on the screen were neglible. 
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THE PRIMATE BEHAVIOR LABORATORY OF BROWN 3 
UNIVERSITY 


By ALLAN M. ScHnIER, Brown University 


The Primate Behavior Laboratory, an addition to the Walter S. Hun 
Laboratory of Psychology, was completed during 1964.1 It comp 
the front half (about 5,000 sq. ft.) of the fourth floor of Hunter Labo 
tory. The remaining half is occupied by ventilating and elevator machi 
ety for the rest of Hunter Laboratory and a strip of flat roof around 
perimeter, on which platforms have been built for storing extra monk 
cages. 

Roughly a third of the Primate Laboratory is research space, anoth 
third animal-colony rooms, and the rest is primarily corridors, offices, and 
shop and work-rooms. Before describing these three areas, it seems wot 
while to mention some features of construction common to them. 

All internal partitions are Lelite block, a lightweight material similar 
to cinder block, Outside of the colony rooms, the concrete slab floo! 
covered with rubbor tile. All rooms are air-conditioned and there is a 
some humidity-control, primarily in the direction of an increase to ab 
50% during the heating season. None of the air is recirculated by 
ventilating system. Except for the colony rooms, temperature and 
midity are controlled by zones. (In other areas of Hunter Laborato 
temperature and humidity have often been uneven from room to roc 
as a result of zone control. This has not been as great a problem in. 
Primate Laboratory, perhaps in part because the zones are smaller.) ' 
reduce the transmission of noise, there are baffles in the ventilating d 
between rooms, doors located at three places in the corridors, weath 
stripping around the door of each room, and, except for the colony to 
Fiberglas acoustic tile on the ceilings. i 


Research space, Research is conducted in some of the, rooms opening off corrid 
A-4 and D-4 (see Fig. 1). Corridor D-4: Rooms 431 and 435 are used for disi 


* Construction of this laboratory was supported by a matchi C112 
from the Health Research Facilities Branch. I DEER. National 1 initiates r He: 
U.S. Public Health Service. The equipping of the laboratory was supported | 
research grant MH-07136 from the National Institute of Mental Health, t 
Public Health Service. Harold Schlosberg, Fred Stollnitz, and Morris L. Povar v 
et i. une the Planning o So netigo of the laboratory. 

osberg, The ological iversi 
JOURNAL, 71, 1958, 769-776. Ricuce 0o AR 
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criminative-learning. Each contains a Wisconsin-type apparatus (WGTA).* Room 
433 serves this area as a storage place for WGTA discriminanda, spare parts for 
the WGTAs, data sheets, food pellets, etc. Corridor A-4: Room 465 is used for work 
on visual psychophysics. The monkeys are tested in a cubicle 4.5 ft. wide, 6.5 ft. 
long, and 7.5 ft. high, the remainder of the room being devoted to control, recording, 
and optical apparatus. Room 467 is designed for electrophysiological research; it 
contains a large electrically-shielded, sound-resistant enclosure and a laboratory 
counter and sink. Room 472 is a suite of six small rooms, five of which are used 
for free-operant or discriminative-learning research involving automatic program- 
ming and recording. Room 472A, for example, is large enough for two operant 
chambers and enclosures for large macaques, plus the necessary control and recording 
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Fic. 1. FLooR PLAN OF THE PRIMATE BEHAVIOR LABORATORY 


equipment on three relay racks. The sixth room, 472C, is used for storage of 
electrical supplies and equipment and as an electrical shop. The sink at the end 
of the Room 472 corridor has proved quite useful as a source of water for the rooms: 
neatby for such purposes as rinsing of equipment not contaminated by animal wastes. 

Colony rooms. The three main colony rooms, 408, 411, and 412, open off 
corridor C-4. Each room has independent control of temperature and humidity and 
has at least 12 changes of air per hour. The colony rooms are very brightly illumi- 
nated by numerous waterproof fluorescent fixtures, controlled by a separate time 
Switch for each room. The walls of these rooms were painted and then coated 
With a waterproof finish. The concrete floors were treated with a waterproof 
sealer, 

The cage layout in Rooms 408 and 411 is as indicated in the floor plan; each 
cage rack holds six macaques in individual cages, three above and three below. The 


* A. M. Schrier, A modified version of the Wisconsin General Test Apparatus, 
J. Psychol., 52, 1961, 193-200. 
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cage layout in Room 412, which is used for small monkeys, is roughly as indicated 
in the floor plan, but varies depending on the size. of the cage racks that happen to 
be in use. The total colony capacity is about 132 medium-size monkeys, such as 
rhesus macaques (Macaca mulatta). This figure could be increased by about 50 
per cent for small monkeys, such as squirrel monkeys (Saimiri sciureus). 

A single sloping refuse pan serves the upper cages in each rack, and another 
pan the lower cages. The animal droppings are flushed from the cage-rack pans into 
gutters several times a day by the caretakers using hoses. The gutters in each of 
the rooms flush automatically at least every 2 hr. and the contents pass into drains 
which also flush automatically every few hours. Automatic flush-type drains are the 
only means of providing full protection against odors from drains in regular use 
in animal quarters. 

An automatic watering system is in use and has proved quite successful. A 
system of copper and plastic piping connects a watering fount in each cage with a 
storage tank in each room.’ A constant water level is automatically maintained in 
each tank, The watering founts develop leaks now and then, but the water flows 
from the cage pan right into the gutters. (If flush-type pans are not used, such 
automatic watering systems may not be practical.) A more serious problem has been 
an occasional clogged fount. The best way to deal with it is to have the founts 
checked regularly by the caretakers. Otherwise, the first warning of this trouble will 
come from the monkey's behavior; it will stop eating dry foods, such as the 
biscuits that constitute its regular diet, and will show a general depression in be- 
havior. Fortunately, these symptoms have occurred early enough that only restoration 
of the water supply has been necessary for complete recovery of the monkeys from 
the effects of the dehydration. The savings in time and effort involved in filling 
and cleaning watering bottles more than compensate for any difficulties encountered 
with the automatic devices. 

Room 463 is a quarantine room for new or sick monkeys. The most desirable 
arrangement of an animal laboratory is with a flow-pattern from "clean" areas to 
"dirty" areas, and the quarantine room should be located in the "dirty" direction 
from the main colony rooms. The Laboratory could not be planned with such a 
desirable system; the quarantine room was put at as great a distance from the main 
colony rooms as possible. 

Other facilities. The “equipment wash" area outside Room 411 has large sinks 
for cleaning transfer cages and other small equipment. The cage-washing machine, 


*The low pressure watering founts used in the Primate Laboratory are manu- 
factured by H. w. Hart Manufacturing Co., Inc., P.O. Box 3456, Glendale L 
California. The “Harada Valves” of Hardco Scientific Corp., 6811 Grace Aves 
Cincinnati, Ohio 45227, are similar to the Hart founts. The "Lixit" valve, made by 
ATCO Manufacturing Co., 1106 Hardman Ave., Napa, California, is used in some 
laboratories and operates under normal line pressure. : 

‘ Guide for Laboratory Animal Facilities and Care (Rev. 1965), U.S. PHS Publi- 
cation No. 1024, purchasable from Supt. of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402, provides much information that would be valuable 
in planning both primate and nonprimate facilities: it also contains a valuable 
selected bibliography on the care and management of laboratory animals. Also see 
EC dur the Breite; ie and Management of Laboratory Primates: ih; 

a mulatta, , prepare ti i i 
NASIR, Washinetone eee AU ithe Institute of Laboratory Animal Resources, 
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in Corridor C-4, is large enough to allow a whole rack of monkey cages to be rolled 
into it; it saves many hours of hand scrubbing. Room 402 is a general-purpose work 
room, containing a desk calculator, an IBM card punch, locker space, a small desk 
for undergraduates and one for a full-time research technician. The shop, 402A, 
is used for minor repairs and construction, and does not replace the much larger 
departmental shops in the basement of Hunter Laboratory. Room 404 is a food 
preparation room with sinks, a refrigerator-freezer unit, and cabinets for general 
storage, and 404A is used primarily to store bags of monkey biscuits. Rooms 432, 
469, and 471 now provide office space for two research associates and three graduate 
students. Any of these rooms, but particularly 432, may be used for research in 
the future, Room 461 is a janitor's closet, and*473 is a toilet. 


After over a year of use of the Primate Laboratory, we have only one 
major criticism. Noise is not controlled as well as we would like. Although 
the steps taken to reduce noise, which were mentioned earlier, appear to 
have been effective, there still appears to be transmission of sound di- - 
rectly through the lightweight blocks used for partitions and, perhaps 
most important, by the single slab that constitutes the floor of the Labora- 
tory. In almost all other respects, we have found that it is an excellent 
place for behavioral fesearch on monkeys. 


A SYSTEM FOR RECORDING THE ORDER AND DURATION 
OF AN ANIMAL'S PATH IN A RUNWAY 


J. M. BENJAMIN, JR., R. M. Raucu, Biophysical Electronics, 
S. J. Harris, Wells College, and SOLOMON WEINSTOCK, Brooklyn College 


The apparatus described here was developed to investigate the behavior 
of rats in straight alleyways. More specifically, the equipment represents 
a semi-automated system for obtaining a record of the animal's path in 
running down an alleyway and also a record of the duration of successive 
locomotor movements. 


The apparatus involves a 20-channel ‘contact’ recorder in which one of the ani- 
mal's rear paws serves to key a thyratron circuit when the paw makes contact with 
the runway floor, This is accomplished by constructing the runway floor of tinned 
copper bus bars embedded in wood at 1% in. intervals. Alternate bars are connected 
to grid and ground of a thyratron circuit. When the animal's left rear paw, which 
has been coated with silver paint, makes contact with adjacent bars, a thyratron 
circuit is completed. Resistance in the animal's other paws is too high to complete 
the circuit. 

To obtain a record of the position of the animal's paw during each contact, the 
runway is divided into a checkerboard of 34 in. by 2 in. sections. Contact within 
one of these sections operates two elements of a 20-element paper tape recorder. 
One of these elements codes the position of the paw in the length and the other 
in the width of the alleyway. Thus, the animal's path may be plotted from the 
records of the location of his paw on successive Steps. 

In addition to activating the paper tape recorder, contact with the floor causes a 
1000 — signal to be recorded on one channel of a two channel magnetic tape re- 
corder. During intervals between contacts the 1000 ~ signal is recorded in the 
second channel. By playing back each of the channels through an electronic counter 
with a print-out, the duration in msec. of each successive contact and of each 
stride of the animal'S paw is recovered, 

A variety of response-characteristics can be analyzed from the data obtained. 
Positional data can be used to evaluate between trial-variability in an animal's 
path and variability about a straight line from start to the goal. Duration of con- 
tact and stride may be used to detect momentary pauses in the animal’s run or 
variability of response-times within and between trials. 

Recording system. A block diagram of the tecording and playback systems is 
given in Fig. 12 


*From the Behavioral Laboratory of Lehigh University. Funds were provided 
by a research grant, M-2286, from the National Institute of Mental Health, and 
by a grant from the Institute of Research, Lehigh University. 
`` More detailed circuit diagrams may be obtained by writing to the senior author 
at Biophysical Electronics. 
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A. 1000 — oscillator drives both the thyratrons and the time-recorder. Power for 
the thyratrons is supplied by the 1000 ~ source through a 75w. power amplifier, 
This amplifier, using EL34 tubes, develops 120-140 v. The 20 thyratrons are fired 
by the grids in the runway, and they in turn operate relays capable of switching 
high voltages. 

Each relay activates one electrode of a 20-electrode paper-burn recorder, When 
a relay is closed it connects to the appropriate electrode of the paper-burn recorder 
a transformer supplying 2300 v., 60 Ac through a 60,000 9 current-limiting re- 
sistor. Thus, a burn mark is made on a moving paper tape which travels between 
the electrodes and a common ground bar. The paper-burn system was adopted in 
order that photo-electric readout of the information could be added in the future. 

The thyratron-grid is biased beyond its critical voltage by a network of resistors 
and a 130-v. DC supply. Leads are brought from the runway to the thyratron-grids, 


Fic. 1. Circurr DIAGRAM OF THE APPARATUS 


The impedance of the grid network is such that 50-100,000 € from grid to ground 
Will cause the thyratron to fire. Grid-potentiometers make it possible to correct for 
individual thyratron-characteristics. 

When a thyratron fires current flowing in the 1000 — supply generates a gate 
signal which is rectified and filtered. The filter has a time-constant of about 0.5 
msec. This DC envelope is amplified and clipped and presents a clean positive and 
à negative going rectangular wave when a 1000 current is flowing. These signals 
gate a 1000 ~ signal alternately to the two channels of a magnetic tape-recorder 
(Magnecord M-90). " 

Since the same master oscillator is used for all recording functions, the accuracy 
of the information placed on the magnetic tape will depend only on the constancy 
of the 1000 — oscillator. Acetate tape is used and recording is at a speed of 7.5 in. 
per sec. 

Playback system. During playback, the magnetic tape transport is driven by a 
small gearhead synchronous motor which drives the capstan flywheel at about 0.75 
in. per sec. This reduction in playback speed was adopted in order to make it pos- 
sible to use an ordinary parallel entry printer rather than a more costly high speed 
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printer for the print-out of the time-data, Since the recovery of the data from the 
tape involves counting pulses, the speed of playback has no effect on accuracy. 

‘Event’ (contact) and 'interevent' (stride) durations are obtained by playing 
the tape back twice. A selector switch picks the appropriate channel. The signal 
from the tape is filtered through a 100 ~ L-C filter and then goes to a Decatron 
counter with five decades in the counter up to 100,000 cycles of the timing signal 
may be counted. At the end of each signal a relay opens which prints the count 
and resets the counter. The system is then ready to receive the next signal. 

Time constants are adjusted so that interevent times of less than 40 m.sec. are 
disregarded when event times are being counted. Similarly, when counting inter- 
event times, event times of less than 4 m.sec. do not cause a print. Since the 
ratio of playback speed to recording speed is 1:10 these recorded times correspond 
to actual times of 400 m.sec. during playback. Thus the printer is assured of a 
minimum of 400 m.sec. to recover after each print. 

A logic element driven by both channels of the tape recorder causes a print 
command to be given the printer in the absence of a signal on either channel. This 
causes a double zero to be printed on the paper tape. During the course of a trial 
à signal is always present on one or the other of the two channels. Thus the double 
zero serves as an indicator of the end of a trial. 


While the recording system was initially developed for studying animal 
behavior, it should be applicable in studies of human motion. Frequently 
such studies make use of high speed photographic techniques. The time 
and expense involved in recovering the desired data from motion pic- 
ture records may,’ however, be prohibitive. Apparatus of the type de- 
scribed here should make it possible to obtain most, if not all, of the 
useful information available from photographic records. 


The present instrument has the advantage that precise measurement 


of the duration of each of several movements may be recorded. This per- 
mits analysis of response-variability, as well as the average duration of 
component movements. Furthermore, the use of the paper tape recording 
permits the investigation of movement sequences in which the order of 
occurrence of successive responses is not fixed. 


*K. U. Smith and R. F. Wehrkamp, A uni i i ir 
chomotor performance, Science, 113, 1 Ee Se vied to 


ALL-ELECTRIC RECORDING IN A STRAIGHT ALLEY 
By Ceci C. BRIDGES, Texas Christian University 


Brown and Hoopes have reviewed previous attempts at continuous 
recording of an animal's position in a straight alley and have developed 
an improved device which may be described as a see-saw runway with a 
strain-gauge to measure deflecting force. While their device represents a 
considerable improvement over former techniques, it has several minor dis- 
advantages: strain-guages are delicate and expensive, the system must be 
calibrated for the weight of each animal used, and vertical jumps are re- 
corded as horizontal motion. 

The present device uses an entirely electronic approach and avoids 
these difficulties. The circuitry of the device is diagrammed in Fig. 1. The 
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Fic. 1, SCHEMATIC DIAGRAM OF THE DEVICE 


vertical bars represent the interlaced bars of a grid floor in a runway. 
One set of bars is connected to a common bus-bar, while alternate bars. 
are connected between a series of 15,000 Q resistors. The series of re- 
sistors is connected across the output of a 20-v. regulated power supply. 
The device functions as a simple voltage divider, with the moving animal 
acting as the variable cdntact of a potentiometer. More specifically, the 
feet of the animal provide a path for current to flow from the series of 
resistors to the bus-bar. The voltage varies in small equal increments be- 
tween the ends of the series of resistors. The voltage conducted to the 
bus-bar depends on the point at which the feet of the animal contact the 


1J. S. Brown and J. J. Hoopes, A device for recording a rat's position in a 
Straight alley, this JouRNAL, 78, 1965, 130-133. 
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grids. A Sanborn pc amplifier is connected to a Sanborn DC recorder to 
provide a continuous record of this varying voltage level over time. With 
52 resistors, each of the voltage increments represents less than 2% of 
the total range, and the point at which the animal contacted the grids 
can be determined within 1 in. Because of the high input impedance of 
the amplifier, current flow through the animal is only a few microamps 
and white rats do not appear to respond to this current flow at this vol- 
tage. When observing a white rat, one sees that the tail is often dragged 
across the grids, but this produces only a negligible change in the record 


normal record 


47 mfd. at 


witho. 
amp. input 


Fic. 2. SAMPLE RECORDINGS SHOWING THE EFFECT OF 
ADDED CAPACITANCE AT AMPLIFIER-INPUT 


because the dry rat-tail is such a poor conductor. By holding the rat and 
pressing its tail against grids damp with rat urine, a spurious localization 
can be produced, corresponding to the position at which the tail shorted 
the grids. Even under these circumstances however, if the tail is merely 
passively dragged across the grids, no noticeable change in the record . 
results. Possibly, the bristles of the rat's tail prevent grid contact. 

The present runway was built of. plexiglas with the grid-floor com- 
posed of thin brass brazing rods spaced on half-inch centers. The runway 
is approximately 52 in. long with 52 15,000 Q resistors in series providing 
a load of 780,000 Q. Because current flow is negligible, it would be pos- 
sible to substitute dry batteries for the regulated power supply. With an 
increase of the gain of the amplifier, a considerably lower voltage across 
the series of resistors could be employed, but the 60 ~ hum associated 
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with room wiring is more likely to be picked up with high amplification. 
Fig. 2 is an example of the records obtained with this device? The 
records presented here represent two different passages of the same ani- 
mal through the runway. The upper record was made with the apparatus 
as described and the lower record was made with low-pass filtering. The 
divisions on the abscissa represent intervals of approximately 1 sec. and 
the divisions on the ordinate represent location in units of approximately 
5 in. 

In trial runs using white rats satiated for water and food, suprising 
individual consistencies in the graphic record of the exploratory locomo- 
tion of these animals was observed, consistencies which were not at all 
apparent to the observer who simply watched the animals.? This invari- 
ance in exploratory behavior as well as certain problems of approach- 
avoidance are currently being investigated using this device. 


? A 0.47-microfarad capacitor across the input of the pc amplifier can be used for 
low-pass filtering. This capacitor will smooth out the small rapid jumps in the 
record. This makes the record considerably easier to read if one is interested only in 
the general position of the animal, but sacrifices information about foot-movements. 

* Pereboom has previously noted regularities in exploratory behavior in a much 
longer runaway. (A. C. Pereboom, Continuous recording of spontaneous runway 
behavior: A normative and methodological study, Psychol. Rep., 11, 1962, 223-237.) 
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AN ELECTRICAL DRINKING SPOUT FOR SMALL ANIMALS 
By Wittram J. MuNpL, McGill University 


An electrified drinking spout to administer mouth shock as punishment 
has been successfully used in passive avoidance experiments.! The task 
of counting the number of shocks the animals received was, however, 
found tedious and very careful -observation was necessary to judge cor- 
rectly ‘pseudo-responses,’ że. those made when the animal comes in close 
approach to the spout and retracts without having touched it. The device 
described here greatly simplifies collecting of data, and extensive use 
has shown it to be reliable.? 

The circuit arrangement of shock source and electronic signal pro- 
cessing is shown in Fig. 1. The shock current is held nearly constant by 
using a current source of 240-v. A.C. and a high series resistance; thus 
changes in contact resistance between animal and floor and, also, between 
animal and drinking spout have only a small influence on the magnitude 
of shock current. When touching the metal spout, the animal completes 
à current path from shock source over the primary winding of transformer 
T1 to ground (floor of test-enclosure), thereby inducing a voltage in the 
Secondary winding. This voltage is amplified by Q1, a common emitter 
Stage. A 1,000 Q resistance in the emitter loop provides for stabilization 
of the operating point. Diode CR1 short-circuits large positive transients 
Which originate in the transformer winding when the contact between 
spout and ground is broken. The build-up of negative transients is elimi- 
nated by the diode action of base and emitter of Q1. The output of Q1 
is peak-to-peak rectified and clamped to ground by diodes CR2 and CR3, 
resulting in negative waves which then trigger the Schmitt module. The 
output of the trigger starts the timing cycle in the monostable multivibra- 


* Supported in part E grant M-1475 from the National Institute of Mental 
rom National and Medical Research Councils and the 


J. H. Hill and Eliot Stellar, An electronic drinkometer, Science, 114, 19 ; 

A » le ; » 1951, 43-44; 
P. T. Young, Continuous recording of the fluid-intake of small animals, this 
JOURNAL, 70, 1957, 295-298; P. T. Young and W. M. Kappauf, Apparatus and 
procedures for studying taste Preferences in the white rat, this JOURNAL, 75, 1962, 


* The apparatus was used by Pellegrino as part of work for a Di i i 
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tor which is adjusted to approximately 150 m.sec. by capacitor C2. This 
pulse is applied to the driver stage Q2 which actuates an electromechani- 
cal counter.* Diode CR4 suppresses large transient voltages caused by the 
inductance of the counter-coil. A power supply provides regulated +6 
v. and —6 y. for the amplifier and the circuit modules, and unregulated 
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Fic. 1. SCHEMATIC DIAGRAM OF SHOCK-SOURCE AND CouNTING CIRCUIT 
Capacitor C1 governs the response time of the counting circuit. 


+6 v. for the counter. Switch S2 in the shock circuit is a silent, low capa- 
citance type.® 

Since test set-ups vary*with experiments, the following changes in the 
Circuitry can be implemented in order to obtain maximal reliability of 
the apparatus. Sensitivity is increased by reducing the emitter-resistor of 
Q1, or vice versa, the required sensitivity being determined by the shock 
current. Further, the circuit response time can be shortened by reducing 
GL 


— 'Elmeg Type Q23, RA. 
* Federal A. C. Switch, Type 1424. 


APPARATUS NOTE 


AN INEXPENSIVE ELECTRONIC SWITCH FOR AUDIO 
FREQUENCIES 

Electrical switch transients can be a source of annoyance or error in many audio 
frequency circuits. Problems engendered by such transients may range from an 
unwanted click in an output transducer at the onset of a pure tone signal to a 
spurious command signal in a sensitive transistor circuit. At the same time, accurate 
length of signal is frequently needed, necessitating the use of a timer, the output 
of which is through a relay. This aggravates the transient problem, since the — 
changing magnetic field in the relay may induce a transient voltage in the leads to 
the load, 

"The solution of this problem lies in electrical separation of the transient producer - 
from the controlled circuit. One method to achieve such separation is by use of a 


switched light source which activates a photoconductor or light-sensitive semi-con- — 


ductor. The choice of a light source is limited to low voltage incandescent lamps, 
since the use of gas filled lamps requires relatively high "voltage, with consequent — 
danger of inducing transients in leads to the load. This choice, in turn, pre- 
cludes the use of photoconductor devices and photosensitive transistors, since thermal 
filament lag in light output will be directly reflected in their signal output. á 
What is required, then, is a light-activated device with immediate turn-on/turn-off 
("all-or-none") characteristics and requiring no auxiliary power for operation. Such — 
a device is the recently developed photosensitive silicon controlled rectifier or light — 


switch, a relatively cheap and easily obtained example of which is the General 


Electric X2A. This device maximally switches current from Anode (A) to — 
Cathode (C) when light of an intensity determined by a bias voltage from Cathode — 
to Gate (G) falls on its photo-sensitive surface. Increase of light intensity above — 
triggering value does not effect switching, while decrease below triggering value 

causes immediate turnoff. ] 

An inexpensive electrically silent switch for audio frequencies of pc to 1000 CPS 
at peak voltages up to 25 and maximal current up to 0.22 a. is shown in the 
accompanying schematic diagram. Two GE X2A light-activated switches provide j 
full-wave passage of current when illuminated by the 6-v. bulb, which in turn is — 
activated through a switch or timer contacts. Half-wave passage may be accom- | 
plished with a single GE-X2A. The 50K potentiometer between Cathode and Base - 
serves as a sensitivity control. Lowering the Gate to Cathode resistance lowers the 
sensitivity to light. Linear potentiometers should be used; miniature printed circuit 
board types are suggested (see Fig. 1). 

It is suggested that this unit be constructed on a phenolic chassis in a relatively 
light-tight metal case and that two-conductor shielded cable be used, with shield ` 
bonded to the case, timer (if used), amplifier chassis, and signal generator chassis — 
(if used). This will assist in shunting to ground any 60 cycle artifact. The light 
activated switches should be mounted in standard transistor sockets, to prevent heat . 
damage in soldering the leads. 
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For adjustment, with the switch between the desired load and a sine wave input, 
and the lamp illuminated, potentiometers are started at low resistance and raised 
while observing output on an oscilloscope. When triggering sensitivity is reached, a 
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OR TIMER 
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Fic. 1. SCHEMATIC DIAGRAM OF THE ELECTRONIC SWITCH 


sine wave will be observed on the scope tube face. Care should be taken not to 
exceed the voltage and current ratings of the light activated switches. Ambient 
temperature of the X2As should not exceed 100°F. 
E. R. Johnstone Training and Research Center Davin L. Hoats 
Bordentown, New Jersey 


NOTES AND DISCUSSIONS 
A NOTE ON RESISTANCE TO EXTINCTION IN THE FISH 


A series of papers by Bitterman and colleagues has delimited a suc- 
cessively broader range of experimental conditions under which inter- 
mittent (partial) reinforcement (IR) may produce greater resistance to 
extinction (EXT) in the fish than does continuous reinforcement (CRF). 
A replication and extension of several of these findings on the ‘partial- 
reinforcement effect’ (PRE) recently was provided by Wertheim and 
Singer? The present note is prompted by the appearance of a paper 
questioning some of the latter results and their interpretation. 

The first experiments with the fish did not show the PRE at all.‘ Subse- 
quent studies did yield the effect, but only if (a) repeated extinctions and 
reconditionings were carried out, (b) the number of reinforcements for 
both schedules was equated, or (c) relatively large numbers of unrein- 
forced responses occurred between reinforced responses. Wertheim and 
Singer, however, found the PRE in fish without any of these restrictions, 
and they suggested that some of the limitations on the PRE during free- 
operant positive reinforcement found earlier might have been apparent 
partly as a result of? some of the experimental procedures employed. Such 
procedures included the utilization of relatively short sessions of extinc- 
tion-testing, and the measurement of extinction-performance during a 
single session, with the critical consequence that a comparison of repeated 
measures of the time-course of extinction (both within individual Ss and be- 
tween Ss) was excluded. In support of their suggestion, Wertheim and 
Singer first replicated the finding that initial resistance to extinction was 
much greater after CRF than after IR. The significance of this difference 
was tested by comparing the rate-changes from the last day of training 


' Jerome Wodinsky and M. E. Bitterman, Partial reinforcement in the fish, this 
JOURNAL, 72, 1959, 184-199; Wodinsky and Bitterman, Resistance to extinction in 
the fish after extensive training with partial reinforcement, jbid., 73, 1960, 429-434; 
R. C. Gonzalez, R. M. Eskin, and M. E. Bitterman, Extinction in the fish after 
partial and consistent reinforcement with number of reinforcements equated, J. comp. 
physiol, Psychol, 55, 1962, 381-386, 

G. A. Wertheim and R. D. Singer, Resistance to extinction in the goldfish 
following schedules of continuous and variable interval reinforcement, J. exp. Anal. 
Behav., 7, 1964, 357-360. 

* Gonzalez and Bitterman, Partial reinforcement and the fish, this JouRNAL, 78, 
1965, 136-139. 

* Wodinsky and Bitterman, op. cit., 184-199. 

5 Gonzalez, Eskin, and Bitterman, op. cit., 381-386; Further experiments on partial 
reinforcement in the fish, this JOURNAL, 76, 1963, 366-375. 
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to the first day of extinction for each S, using a /-test for the difference 
between correlated means.? Much more importantly, however, this difference 
was clearly visible in the individual daily response-rate functions and in the 
cumulative records.’ The earlier findings were then extended by the demon- 
stration that after the first day of extinction the response rate was greater 
after IR in all four Ss, even though the number of reinforcements during 
CRF and IF was not equated. 

Gonzalez and Bitterman note a possible ambiguity in the analysis of 
these results, since greater resistance to extinction after IR might be ex- 
pected solely because a greater number of reinforced responses preceded 
the post-IR EXT than preceded the post-CRF EXT. If the reasoning of 
this argument were correct, however, then it would also be expected that 
. IR would produce a greater resistance to extinction even on the first day 
of EXT; further, this difference in favor of post-IR extinction responding 
should be most marked on the first day of EXT. As may be noted from 
the results reported above, neither of these expectations is in agreement 
with Wertheim and Singer's data. 

The results of several other experiments also indicate that the number 
of reinforced training trials is not a factor in determining resistance to 
extinction once an asymptotic performance level has been reached.’ After 
stable responding has been achieved, principal determinants of resistance 
to extinction include such variables as the reinforcement schedule, and 
the sequence of schedules, just prior to extinction. For example, Suther- 
land, Mackintosh, and Wolfe found that, in the rat, resistance to extinc- 
tion was progressively less under the following conditions, respectively: 
60 trials IR, 100 trials CRF followed by 60 trials IR, 160 trials CRF, 60 
trials CRF. (The last two groups were virtually identical, however, differ- 
ing only in the SD.) The conditions for the second and fourth groups 
are analogous to those employed by Wertheim and Singer; it is therefore 
of interest to note that the functions relating response-strength to time 
in extinction for these two groups of rats are identical in form to those 
obtained by Wertheim and Singer in the fish. 


" Quinn McNemar, Psychological Statistics, 2nd ed., 1955, 108; cf., Gonzalez and 
Bitterman, op. cit., 156-139. 

* Wertheim and Singer, op. cit, Figs. 2 and 3, 359. _ " . . 

"H. M. Jenkins, Resistance to extinction when partial reinforcement is followed 
by regular ‘reinforcement, J. exp. Psychol., 64, 1962, 441-450; John Theios, The 
partial reinforcement effect sustained through blocks of continuous reinforcement, 
ibid., 64, 1962, 1-6; N. S. Sutherland, N. J. Mackintosh, and J. B. Wolfe, Extinction 
as a function of the order of partial and consistent reinforcement, ibid., 69, 1965, 
56-59; S. E. Sperling, Reversal learning and resistance to extinction, Psychol, Bull., 
63, 1965, 281-297. 
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Prior to the attainment of an asymptotic performance-level, resistance — 
to extinction in, for example, the pigeon and in the rat increases with nega- : 
tive acceleration as the number of reinforcements during initial conditioning 
increases? A study by Gonzalez, Eskin, and Bitterman, using a repeated- — 
measures design, demonstrated a similar result in the fish but failed to k 
replicate this finding in the rat.?? Unfortunately, these latter experimenters 
reported only the total number of extinction-responses for groups of Ss, 
a measure that would obscure possible trends, e.g. in the (likely) direc- - 
tion of more rapid extinction and re-acquisition during repeated con: 
ditionings and extinctions in the rat. Since the functions for individual 
Ss may be obscured irreversibly by the use of grouping techniques, the J 
results of such studies are not readily comparable to those from experi- - 
ments in which the behavior of individual Ss is the principal focus of 
analysis. For example, it might well have been that the differential ex- 
tinction-patterns reported by Wertheim and Singer also were present in 
many of the Ss studied by Bitterman and colleagues, but that averaging 
obscured these patterns. 

It thus seems apparent that in order to provide a comprehensive analy- 
sis of factors determining performance during conditioning or extinction, — 
it is necessary to consider the sequential characteristics of the successive 
events (such as responses, pauses, and reinforcements) that may occur. — 
For example, in the experiment by Wertheim and Singer, the IR-schedule 
that was used (a variable-interval schedule with a mean inter-reinforce- — 
ment interval of 50 sec., producing a 4:1 average ratio of responses to — 
reinforcements) generated a relatively constant free-operant response-rate 
during conditioning; the CRF schedule did likewise. Because the momen- 
tary response-rates during each conditioning schedule were highly stable - 
prior to the extinction-test, the changes in rate during extinction were 
readily discernible in all four Ss. These stable sequential characteristics — 
of the behavior of the individual Ss during conditioning were critical in 
the development of Wertheim and Singer's argument for a fundamental — 


"Eliot Hearst, Resistance-to-extinction functions in the single organism exp. 
Anal. Behav., 4, 1961, 133-144; C. T. Perin, Behavior potentiality is joint. Haag d 
of the amount of training and the degree of hunger at the time of extinction, J. exp. 
Psychol., 30, 1942, 93-113; S. B. Williams, Resistance to extinction as a function of 
the number of reinforcements, jbid., 23, 1938, 506-552. 

"Gonzalez, Eskin, and Bitterman, Alternating and random partial reinforcement 
in the fish, with some observations on asymptotic resistance to extinction, this 
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similarity among some of the resistance-to-extinction characteristics of fish 
and higher organisms. During conditioning, for example, the cumulative 
response records indicated a high day-to-day stability of performance, as 
well as the presence of characteristic schedule-specific, within-sessions se- 
quences of responses and pauses. Furthermore, not only was the over-all 
rate of response-decrement in extinction less after JR than after CRF, but 
the comparative schedule-differentiating, moment-to-moment sequences of 
responses and pauses were quite similar to those observed under like con- 
ditions in organisms higher on the phylogenetic scale.!? x 

While the findings of Wertheim and Singer may be generalizable to 
other experimental paradigms, the relevant experiments have yet to be 
performed. One principal implication of these results, however, is that the 
conditions requisite for the PRE in fish are less limited than has pre- 
viously been supposed. Greater limits thus are placed upon the generality 
of statements concerning behavioral differences between fish and higher 
classes of animals. Although the results of Bitterman and colleagues have 
been interpreted to sypport the hypothesis of such a class-difference, it is 
apparent that the case for this interpretation has yet to be proven. (It 
also may be that Gonzalez and Bitterman do not now unequivocally reject 
the more conservative position. Thus, while in an early paper it was con- 
cluded that the PRE may be obtained in fish “only with the equation of 
reinforcement,” more recently it was asserted that the effect may appear 
“even when the total number of training sessions and the total number 
of reinforcements in the same” (emphases added ) .1* 

At the present time, experimental evidence does not permit the defini- 
tion of a set of necessary conditions for the PRE in fish, probably because 
of the wide range of experimental situations in which the dimensions of 
the effect may be studied, and because of the many different techniques 
of analysis that may be applied to the data. 

Stanford University School of Medicine GEORGE A. WERTHEIM 


A REPLY TO WERTHEIM 
In the foregoing note, Wertheim repeats the assertion that he and 


Singer “found the PRE” in fish without equating number of reinforce- 
ments and thereby demonstrated “that the conditions requisite for the 


? Wertheim and Singer, op. cit., Fig. 3, 359; F. S. Keller and W. N. Schoenfeld, 
Principles of Psychology, 1950, 70; C. B. Ferster and B. F. Skinner, Schedules 
of Reinforcement, 1957, 346. és ; 
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PRE in fish are less limited than has previously been supposed." What 
Wertheim and Singer actually found was greater resistance to extinction 
after 24 sessions of continuous reinforcement plus 24 sessions of VI- 
reinforcement than after 24 sessions of continuous reinforcement alone. 
Certainly there was a substantial difference in number of reinforcements 
under the two conditions, but what Wertheim seems unable to grasp 
is that the direction of the difference deprives the result of any signifi- 
cance for the problem of partial reinforcement. 

In comparing resistance to extinction after partial and consistent rein- 
forcement, it is impossible to equate both number of trials (or responses) 
and number of reinforcements. When reinforcements are equated, the 
partial animals make more responses. Under these conditions, both thc 
fish and the rat show greater resistance after partial reinforcement, but 
such a result is difficult to interpret; it may be due to inconsistency of 
reinforcement, or it may be due to the greater frequency of response in 
the partial animals, or to secondary reinforcement on unreinforced train- 
ing trials. Only when trials are equated can greater resistance to extinc- 
tion in the partial animals be attributed with confidence to inconsistency 
of reinforcement, because frequency of response is the same in the two 
groups and the consistent animals have more reinforcements. It is under 
these conditions that greater resistance to extinction after partial rein- 
forcement has been found in the rat but not in the fish, and the experi- 
ment of Wertheim and Singer (in which none of the critical variables 
was equated) does not alter this fact. With more sessions, more responses, 
and more reinforcements in the partial case than in the consistent, their 
experiment tells us nothing at all. 

Why Wertheim and Singer should have chosen to do such a pointless 
experiment is difficult to understand. Citing results obtained with the 
rat, Wertheim argues that the CRF-sessions which preceded the V/I-ses- 
sions were not responsible for the difference in resistance to extinction, 
but why then were they given? Because the devil finds work for idle 
hands? The argument from results for the rats implies the assumption, 
of course, that rat and fish are alike with respect to the way in which they 
are affected by reinforcement. It does not seem to trouble Wertheim that 
he must assume the two animals to be alike in order to justify the design 
of an experiment which is said to provide evidence that they are alike. 
Our own evidence that the fish may be more sensitive than the rat to 


1G. A. Wertheim, A note on resistance to extinction ii ; 
: ction 
78, 1965, 138-141. in the fish, this JOURNAL, 
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frequency of reinforcement? is badly muddled by Wertheim. Failing to 
distinguish between initial resistance to extinction and asymptotic re- 
sistance to extinction, he sees our experiment, incorrectly, as a failure to 
replicate certain earlier results with the rat, and he responds to the 
imagined discrepancy from a handy store of Skinnerian homilies. He 
concludes with a dark hint (documented with two quotations torn heed- 
lessly from context) that despite our professed indifference to the Wert- 
heim-Singer results we may have been led by them to alter our position on 
the problem of partial reinforcement in the fish. Here again he is mistaken. 
Bryn Mawr College M. E. BITTERMAN 
R. C. GONZALEZ 


THE COFFEE CUP ILLUSION 


The illusion described here is one which is so striking to me that for 
a number of years I have felt unwilling to call it to the attention of other 
people, except in an informal way, on the grounds that it must surely 
have been observed many times by many people. I have, however, yet to 
find anyone who, when shown, exhibits anything other than surprise. 
Under the circumstances to be described, an image of a familiar object 
whose angular size increases and which is, in fact, méving closer to the 
O, is seen as being sharply diminished in size, and, as moving away from 
the O. "Thus, far from exhibiting constancy, or even the "law of visual 
angle," it is a prime example of inconstancy. Although a coffee cup is not 
essential to the existence of the effect, it is true that it works very well. 
Further, when one is drinking coffee the kind of stimulus-object for 
which the effect seems to work best is almost always present. 

If one looks at the reflection in a cup of coffee of an overhead light 
on a dark or poorly illuminated ceiling, the surround of the light is so 
dark as to be virtually invisible. The darkness of the coffee, I think, also 
helps to suppress any well-structured surround of the light. The O should 
make his first observation at such a viewing distance from the cup that 
the image of the light nearly fills the cup. If, then, the head is smoothly 
and rapidly moved closer to the cup, the apparent size of light is very 
much reduced and its apparent distance very much increased. The effect 
is striking and it may be repeated frequently without any loss of the 
illusion. 


^R. C. Gonzalez, R. M. Eskin, and M. E. Bitterman, Alternating and random 
partial reinforcement in the fish, with some observations on asymptotic resistance to 
extinction, this JoURNAL, 74, 1961, 561-569. 
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The magnitude of the change is very large. The light seems to shrink 
to a quarter or a fifth of its original size and to move a distance which 
may be ten times that moved by the observer in approaching the cup. 
Here we have an actually increasing visual angle with an apparent de- 
crease in size, and an actually decreasing distance with apparent increase 
in distance. Two questions ate raised by the illusion. One is the question 
of why the light looks smaller. The other, of why it looks farther away. 
Of course, as the head approaches the cup, the visual angle of the light 
increases. The visual angle of the cup increases even more rapidly and the 
ratio of angular ‘light’ to angular ‘cup’ decreases markedly, however, as 
shown in Fig. 1. 

OBJECT 


(CHANDELIER 
OR LIGHT) 


A, FAR B. NEAR 


Fig. 1. DIAGRAMMATICAL EXPLANATION OF THE 
CorrzE-Cup ILLUSION 
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The illusion is dynamic. It appears when the O moves. Observation 
from any fixed position, the ‘near’ point for example, does not give the 
impression that the light is smaller than it should be. The impression 
apparently depends on the relative rate of change of the angles involved. 
The cup is seen as being of constant size. It is clearly visible and in 
a well-structured surround, and constancy holds for it even with change 


in distance of the O, The effect apparently arises from a mechanism simi- 


lar to that suggested by Hering as described by Boring, in which the 
apparent size of a distant window, when the attention is directed to the 
hand in front of the face, varies with the distance of the hand.1 Here, 


1E, G. i j EAT 5 3 
EO ine ae n and Perception in the History of Experimental Psy- 
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however, the size-change does not demand that the attention be directed 
to the near object, the coffee cup, in order that ¿t be seen as constant. 
The light, therefore, must appear smaller when it fills less of the cup, 
and indeed, since the image of the light increases but slightly whereas 
the cup increases a great deal, the light can appear perhaps as small as 
one-tenth of its original size, depending upon how close to the cup the 
O moves and how far away he was to begin with. The problem of dis- 
tance is a difficult one. One is always tempted to say simply that some- 
thing that looks smaller must have moved away and therefore it is smaller. 
On the other hand, since the visual angle of the light is not constant, 
but in fact increases slightly, one could also imagine that it would appear 
to be much closer in order that, with a larger visual angle, it can appear 


. to be smaller. This is not, however, the case; the light looks smaller and 


farther. 

I have ascertained that a small pocket-mirror serves as well as a coffee 
cup if the ceiling is not too brightly illuminated. It has the further ad- 
vantage of not having, waves. 

Cambridge, Mass. Jonn W. SENDERS 


A SEARCHLIGHT ILLUSION 


An optical illusion is experienced while observing the stationary beam 
of a searchlight located on the ground in Flushing Meadow Park, Borough 
of Queens, New York City. The searchlight, a guide for aircraft pilots, 
is about 3.5 miles southeast of La Guardia Airport. The beam is parallel, 
of uniform brightness throughout its length, and maintains a fixed in- 
clination of about 70° to the horizontal. Although actually tilted toward 
the airport, the beam appears to tilt toward the O who stands facing the 
searchlight from any surrounding location. The beam seems to point 
overhead, either directly or somewhat to the right or left, depending on 
O's position, but always well within his quadrant. This illusion is in- 
dependent of his distance from the searchlight, or of weather conditions. 

Let O's position be at 0°, as shown in Fig. 1, when the beam tilts 
(actually) directly away from him. If æ is his angular position measured 
counter-clockwise around the searchlight, B the angle of inclination of 
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the beam, and @ the apparent angle between the beam and the vertical 
as viewed from position a, it is readily shown that 
0 = arc tan (sin a . cotan 8). 

For the present purpose, we include only values of 6 between 0° and 
£90°, and call @ negative when tan @ is negative; a is positive and varies, 
in the conventional manner, from 0° to 360°, while is positive and con- 
stant, Considered in this manner, positive and negative values of ( are 
a measure of the magnitude of the beam's deviation to the right and left, 
respectively, in its real or apparent tilt toward O. When 6 is zero, it points 
directly overhead, actually (a = 180°) or apparently (a = 0°). 

The illusion is not visible from the air. Three airline pilots and one 
first officer, questioned separately, stated that they saw only a vertical 


o 


FiG, 1. A SEARCHLIGHT ILLUSION 


lightbeam when approaching or departing from the airport at altitudes | 
of 1,500-2,000 ft. 

A suggested explanation of the illusion is that the O, who is ground- 
based, sees the stationary lightbeam against a background of the night - 
sky, which offers no cues regarding the true direction of the beam. He 
sees the sky, however, as a surface, rising toward him from the horizon: 
and passing overhead. These two factors combined lead him to see the 
beam as a projection on the sky. Hence, the beam will always appear 
to tilt toward him when he faces its source from any encircling position.* 


*See, for example, E. G, Bilham, An azimuthal method of ing cloud 
poner with a searchlight, Nature, 159, 1947, 677-678, for a somewhat related | 


*I am indebted to Dr. i reri 4 
Meis fee As D. George Gourevitch, New York University School of 
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Several other optical illusions associated with lightbeams emanating 
from searchlights or revolving beacons* have been noted in the past, 
but they bear no resemblance to the phenomenon described above.* 

Isaac Albert Research Institute, GiLBERT GOLDSTEIN 

Jewish Chronic Disease Hospital, Brooklyn, N.Y. 


AN ACKNOWLEDGMENT 


The portrait of Henri Piéron, which appears as the frontispiece of this 
number, was taken about 1951 when Piéron was seventy years old, thirteen 
years before his death. It was kindly supplied by Professor Paul Fraisse, 
Piéron's younger colleague and successor as Director of the Institute of 


, Psychology at the University of Paris, The signature comes from the files 


of Professor Karl M. Dallenbach and is unusual in being nearly illegible, 
for Piéron usually relied on his typed name for identification, when neces- 


sary, of the hieroglyph so well known to his correspondents. 
E. G. B. 


benrí J9iéron: 1881:1964 


Born July 18, 1881, Piéron died on November 6, 1964, at the age of 
cighty-three years. In 1900 he read his first scientific paper to the IVth 
International Congress of Psychology in Paris, and after that he kept on 
publishing articles, studies, and critical reviews with inexhaustible energy. 
His role has been fundamental in the development of scientific psychology 
in France and also important in the international scene. In his intro- 
ductory lecture of 1907 (published in 1908) at the École Pratique des 
Hautes Études, Piéron was already maintaining that the subject matter 
of psychology is behavior (comportement), a position which he had 
attained independently of Watson, whose famous pronouncements on 
this matter are dated from 1913 to 1919. 

The son of a teacher of mathematics, Piéron started out (as became 
quite usual in France for future psychologists) with a licence and an 


* Mathew Luckiesh, Visual Illusions: Their Causes, Characteristics, and odes nal. ei. 
tions, 1922, 160 ff.; S. S. Beggs and J. M. Waldram, Searchlig 
Engin. Soc., 1948, 108- 110. i atmos) 

Georges Colange and Yves Le Grand, Observation de dog e ee 
tique d'unphare, Comptes Rendus, 24 1937, 1882-1884; Louis A 
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1937, 867-869; ect Doeschtie s ad. hu i 
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agrégation in philosophy, but he also obtained a doctoratés sciences in 
physiology with a thesis on sleep. He then worked with Alfred Binet and 
succeeded him in 1911 as head of the psychological laboratory at the 
Sorbonne. He also collaborated for some time with Pierre Janet at the 
Salpétriére. Named to the École Pratique des Hautes Études in 1907, he 
founded in 1920 (with the assistance of Janet, Dumas, and Delacroix) 
the Institut de Psychologie of the University of Paris and remained its 
director for a long time. Then, in 1928, he founded the Institut National 
d'Études du Travail et d'Orientation Professionnelle, which he also 
directed. It was in 1923 that he was elected to the Collége de France and 
to the chair in physiological psychology that he occupied until his retire- 
ment. 

He was always an active participant in the International Congresses ^ 
of Psychology, as well as the psychotechnical congresses after they had 
been founded. He played an important role in the foundation and later 
in the organization of the International Union of Scientific Psychology. He — 
was its first president. , 

Not only has the main tenet of Piéron's psychology always been that 
the proper subject of our science is conduct or behavior but, further, that 
every particular psychological explanation always leads, when it is suf- 
ficiently precise, to a physiological explanation. At the time of the presenta- 
tion of his scientific work (for his candidacy in the Collége de France), 
Piéron used for an epigraph this statement of Johannes Müller's: Nemo 
psychologus nisi physiologus. 

In no way does that aphorism imply, in Piéron's thinking, a pure and 
simple reduction of psychology to physiology, for he would then have 
been obliged to abandon psychology and become a physiologist. ‘The 
principle means, rather, that, since behavior is a ‘total’ reaction of the 
organism, whereas physiological processes are ‘partial’ reactions, we can- 
not really understand the total reaction without knowing the details of 
the partial reactions. For example, in studying sleep and proving that 
‘hypnotoxin’ taken from a sleepless dog will put a normal dog into deep 
sleep, Piéron proved that under ordinary living conditions the normal 
dog acquires an anticipatory rhythm that helps it to avoid the intoxication 
beforehand, but that it succumbs once the intoxication reaches a critical 
level. This anticipatory ‘conduct,’ psychological in nature, is thus superim- 
posed upon the normal physiological reactions of intoxication, and we 
have to realize what these physiological factors are before we can under- 
stand the dog’s behavior. 


This principle of relating psychology to physiology without reducing it 
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to physiology led Piéron to choose as his special field of study the border- 
line between the two domains, especially the 'physiological psychology' of 
sensation. After numerous studies of differential thresholds, of Fechner's 
logarithmic relation and kindred topics, and after considerable original 
research on color vision, Piéron provided us with a splendid synthesis of 
all this research in his compendious work: La sensation, guide de vie (Galli- 
mard, 1945, 1-420). 

The two significant characteristics of these studies, in addition to what 
we have noted in respect of physiology, are: (1) that sensations are never 
considered separately, but always as they are set in the context of a total 
integration and thus are involved with the totality of behavior; and (2) 
that within this context of integrated bchavior, the subjective impressions 
of the experimental subjects may not be neglected. As early as 1913, in an 
article reviewing "Le domaine psychologique," (Année psychol., 19, 1913, 
1-26), Piéron maintained "that there is no opposition between introspec- 
tion and objective psychology.” when introspection deceives us, there is 
still a problem of behavior to understand why, and the study of this prob- 
lem, of the inadequacy of the subjective report, is itself instructive for 
objective psychology. In other words, consciousness is not a mirror but an 
interpretation (true or false), and this interpretation as such poses 
problems for behavior. ; 

Another consequence of Piéron's interest in the link between psychology 
and physiology was his constant concern with relating human psychology 
to animal psychology. He was convinced that every general law in human 
psychology is common both to animal and man, and, after having de- 
veloped his ideas on memory (L'évolution de la mémoire, Flammarion, 
1910), in 1948 and 1958 he synthesized his ideas under the title De 
l'actinie à l'homme: Etudes de psychophysiologie comparée (Presses Uni- 
versitaires de France). 

Although Piéron's principal activities were thus directed upon psycho- 
physics and comparative psychology, he nevertheless exhibited enormous 
activity in many other fields. We must in particular cite his contributions 
to applied psychology. In 1949 he published his La psychologie différen- 
tielle, which was the first in a seven-volume Traité de psychologie appli- 
qée that he edited for the Presses Universitaires de France. . 

His interests in differential psychology were soon supplemented by his 
research on tests and on psychological examinations in general, which re- 
sulted in the publication Examens et docimologie (1963). "Docimology," 
as he defined it, is an objective and scientific study of the different 
methods of testing that have to do with examinations in the schools as 
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well as being the standardized and rigid evaluations the tests are supposed 
to be. Along this line, he supplied a sharp criticism of the examinations in 
the schools by showing both the arbitrary and the chance factors that 
intervene when one submits the same problems or the same candidates to 
different examiners. 

In addition to his original work, Piéron also contributed, especially as 
editor of l'Année psychologique, a considerable number of bibliographical 
analyses and critical studies. He read everything that came out in psy- 
chology, and his colleagues never could understand how he managed to 
become so well informed, while continuing to pursue his own personal 
research and devoting considerable time to the direction of the institutions 
he had established or helped to establish. He was, moreover, a delightful 
and vety loyal friend, who always found time to receive and stimulate his 
colleagues in their mutual enterprises. 

In a word, Henri Piéron was one of psychology's great servants. 

University of Geneva JEAN PrAGET 


Kurt Goldstein: 1878—1965 


Kurt Goldstein was born on November 6, 1878, in Kattowitz, Upper. 
Silesia, to a non-orthodox Jewish family. He received his early education 
at the local public school and, when the family later moved to Breslau, 
he attended the Humanistische Gymnasium. After one semester at Bres- 
lau University, he went on to Heidelberg to pursue philosophy and litera- 
ture, but returned the following year to study medicine, particularly psy- 
chiatry. ; 

At that time the academic path to mental disease lay through neuro- 
anatomy and neurophysiology. Goldstein found himself attracted to the 
pathological laboratory. Karl Wernicke, the chairman of the Department 
of Psychiatry, a psychiatrist who was also interested in symptomatology and 
post-mortem relationships, first directed Goldstein's attention to the prob- 
lems of aphasia which later became for him an enduring preoccupation. 

Goldstein received his M.D. in 1903, during the year in which he 
published five papers besides his dissertation. In 1904, he joined the 
Senkenbergische Neurologische Institut in Frankfurt-am-Main, as assist- 
ant to Ludwig Edinger, who became a most influential figure in Gold- 
stein's career. Subsequently, Goldstein spent a year each with Hoche and 
Oppenheim. In 1906 he joined the staff of the Psychiatric Clinic of the 
University of Kónigsberg, where he devoted himself to the study and 
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treatment of psychiatric patients. He used this opportunity for careful 
observations of patients, publishing on a variety of neurological and 
psychiatric topics. One early paper foreshadows some of the basic dis- 
tinctions that underlie current differential diagnostic testing. 

In 1914, Goldstein accepted Edinger's invitation to join him in Frank- 
furt as his first assistant. They both expected Goldstein to return to 
laboratory investigations, but he had by now acquired a taste for clinical 
work and a strong belief in its usefulness. Soon he had organized a hos- 
pital and research institute for brain-injüred soldiers, the famous Institut 
zur Erforschung der Folgeerscheinungen von Hirnverletzungen, in asso- 
ciation with Adhémar Gelb, a student of Stumpf's. 

The Institute became a clinical center for diagnosis, treatment and re- 
habilitation of neurological and psychiatric military casualties. Its early 
publications dealt with bullet injuries to the central nervous system, war 
neuroses and hysterical symptoms. For Goldstein the real problems of the 
patients constituted the ultimate justification of the systematic studies 
undertaken. Advanced students and junior colleagues from psychology, 
medicine, and related fields soon joined this ongoing research activity. 

Goldstein's systematic studies fall into four major phases. The earliest 
concerns the relationship between circumscribed cortical injuries and sen- 
sory or motor defects. Next come the problems of perceptual disturbances 
and agnosia and with them the initiation of the 16 papers in Psycholo- 
gische Analysen hirn-pathologischer Fälle, of which the majority are con- 
cerned with the visual perception of patients with damaged optic tracts 
or occipital lobes. 

Goldstein expanded these studies during the ‘twenties into the area 
of cerebellar function and its relation to tonus. It was in this period that 
he organized his findings into the chapters on experimental techniques 
for the study of cutaneous sensations, diseases of the brain and meninges, 
the cerebellum, localization on the cerebral cortex, and similar topics 
which he wrote for a number of important handbooks. 

Among his studies one had lain dormant for a decade: the problem 
of aphasia. His first paper on the topic had appeared in 1906, and eight 
others had been published prior to his return to Frankfurt. Now, nine 
years later, he prepared a paper on the nature of amnesic aphasia, and 
he followed it by a step-by-step analysis of the condition. 

The late ‘twenties also witnessed Goldstein's growing interest in psy- 
chotherapy, his critical examination of Freud’s writings, and his attempt 
to embody into biology what he learned from neurological and psychia- 
tric patients. 
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Concurrently his academic career ran on with editorships and society 
affiliations, Presently Goldstein succeeded Edinger as Professor of Neu- 
rology at Frankfurt. Simultaneously he became Director of the Neuro- 
logical Institute, while remaining Director of the special Institute for 
brain-injured soldiers. He held various associate editorships and through 
Volume 17 remained as one of the founding editors of Psychologische 
Forschung. 

In 1930, he accepted the Directorship of a large new municipal hospital 
for neuropsychiatry in Berlin together with a professional affiliation in 
the Department of Neurology and Psychiatry at the University of Berlin, 
with the proviso that he could continue association with his Brain Injury 
Institute. With high hopes he settled into this outstanding position in 
Germany, but history intervened. 

Goldstein was briefly jailed when Hitler came to power in 1933, then 
released on condition he leave the country. The Rockefeller Foundation 
supported him for a year in Amsterdam. The Dutch were most friendly 
and he spent his time dictating what was to become his magnum opus, 
The Organism. The basic draft of this complex book was completed in 
five or six weeks, leaving his typist in a state of exhaustion. In 1934 
it was published in Holland, but in German, under the title Der Aufbau 
des Organismus. The English translation appeared in America (1939) 
with the title The Organism: A Holistic Approach to Biology Derived 
from Pathological Data in Man. Yt included a foreword by Karl S. Lashley. 
It has since gone through many printings, has been published in paper- 
back, and translated into other languages (among them French, Spanish, 
Russian, and Japanese). It deals with methodological questions as much 
as with facts, and it presents critical assessments of many major theoretical 
trends of its day and our own. 

When he arrived in New York City in 1935, Goldstein entered the 
Private Practice of neurology and psychiatry. In 1936 he was appointed 
Clinical Professor of Neurology and Lecturer in Psychopathology at 
Columbia University. He worked for a time at the Psychiatric Institute, 
later becoming chief of the newly organized Laboratory of Neurophysi- 
ology at Montefiore Hospital. Once again he was joined by a psychologist, 
Martin Scheerer, with whom he examined patients, taught medical stu- 
dents and psychologists, directed some Ph.D. dissertations, and published 
the monograph titled Abstract and Concrete Behavior: An Experimental 
Study with Special Tests. 


During the winter of 1938-1939, he was invited by Harvard to deliver 
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the William James Lectures which were published as Human Nature in 
the Light of Psychopathology. Yn 1940, he accepted a five-year grant from 
the Rockefeller Foundation for the post of Clinical Professor of Neu- 
rology at Tufts College Medical School. He spent mornings at the labora- 
tory of the Boston Dispensary, afternoons in private practice and writing. 
In addition to a steady stream of articles, he published in 1942 After 
Effects of Brain Injuries in War: Their Evaluation and Treatment, and, 
in 1944, with Eugenia Hanfmann and Maria A. Rickers-Ovsiankina, the 
monograph Case Lanuti: Extreme Coñcretization of Behavior Due to 
Damage of the Brain Cortex. It was based on work carried out at the 
Worcester State Hospital. In 1948, he also completed major sections of . 
Language and Language Disturbances, a tteatise on aphasia. 

Although Goldstein had become an American citizen in 1940, from 
the beginning he had an intensely personal involvement in the progress 
of World War II. He had many friends in America and was grateful to 
„the country where he and so many others had found asylum first, and then 
a new home, but it was still for him a home in exile. 

The Tufts appointment ended in 1945. Goldstein was sixty-seven, and 
by the rules of academic life should have retired, but this was unthinkable 
for him temperamentally and impossible financially. He returned to pri- 
vate practice in New York City and various teaching activities at the City 
College and the New School for Social Research. In his late seventies, 
he began to commute once a week to Brandeis University. 

In 1958, the larger world joined in the celebration of Goldstein's 
eightieth birthday. Several generations of students and friends assembled 
to present him with a special collection of manuscripts. The Hebrew 
University sent a beautiful scroll composed in his honor, and the Uni- 
versity of Frankfurt awarded him the Doctor Honoris Causa. 

Goldstein’s last years were often lonely. His wife died in 1960 and 
many of the friends of his generation were gone: Gelb, Koffka, Wert- 
heimer, Cassirer, Einstein, Lashley, Scheerer, and finally Heinz Werner. 
He had published over 200 articles and books and completed his personal 
contribution to the History of Psychology in Autobiography in 1965. Now 
he complained of tiring easily and felt himself getting old. Finally he 
suffered a stroke which left him paralyzed on the right side and unable 
to speak or move his right arm, and died three weeks later on September 
19, 1965, in New York City. 

Goldstein came to psychology from the field of psychiatry, more specif- 
ically neurology. His emphasis on the importance of psychological factors 
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was a major contribution to neurology, but his view of psychology as 
biologically based even more important. His greatest empirical accomplish- 
ment was his life-time work with brain-injured persons, especially the 
aphasics. His major contribution in respect of theory was the organismic 
point of view. Despite his considerable affinity with the gestalt group, 
Goldstein always stressed the total response of the organism more than 
the nature of the perceptual field organization. For this reason he developed 
such concepts as the "catastrophic reaction" to marked anxiety which he 
found as characteristic of the brain-injured. He believed that this reaction 
is a natural response to the disparity between the person's capacities and 
the demands made upon him, a discrepancy that prevents the self-realiza- 
tion which is the goal of adaptive behavior and for which an "abstract 
attitude" is necessary. Instead he found "concrete attitudes" in the brain- 
injured and in schizophrenics. He worked persistently and rigorously to 
delineate this field of the abstract and concrete. Such thinking served as 
the core of the "organismic" point of view which his name has been, and- 
will continue to be, so intimately associated. $ 
National Institutes of Health Davip SHAKOW 
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The Problem of Social-Scientific Knowledge. By WitLIAM P. McEwen. Totowa, 
N.J., The Bedminster Press, 1963. Pp. xxix, 590. $12.50. 

In this book, a philosopher writes an exposition of the epistemological basis of 
modern social science. It is an ambitious undertaking. He analyzes the opinions and 
caveats of well-known representatives of psychology, sociology, anthropology, 
political science, economics, and history. Psychology is treated as two disciplines, 
characterized as individual and social psychology His principal source materials for 
the latter are the writings of Newcomb and Murphy; for the former, the writings 
of J. W. Allport, Tolman, Hull, and M. H. Marx. 

The author addresses himself to such questions as: what is meant by social- 
scientific knowledge? and, how is it acquired? From a broad philosophical perspec- 
tive, he tries to coórdinate epistemology and the methodology of social science. He 
begins from the assumption of epistemological dualism; namely, that scientific 
knowledge is mediate knowledge: that the datum is not identical with the object 
to be known. Early in the book he makes clear the usually-overlooked distinction 
between the knowledge-situation and the meaning-situation. The knowledge-situation 
is the locus of the methodological questions of the social science enterprise, the 
meaning-situation is the locus of the epistemological questions. The knowledge- 
situation specifies the kind of knowledge that may be acquired; the meaning-situation 
specifies the method of acquiring beliefs and the criterion for testing them. The 
priority of the meaning-situation is most often neglected by social scientists who 
have taken 19th century physical science as the ideal model. 

A significant portion of the book is devoted to an explication and defense of 
the epistemological-methodological distinction. A third basic conception—the value- 
situation—completes a paradigm for describing various perspectives in the search 
for knowledge, among them uncritical non-operationism (e.g. mysticism), naive 
Pragmatism, naive-impressionism, critical non-operationism (e.g. pure empiricism), 
and two versions of operationism. An example of the use of the paradigm follows 
(page 78): 

Value-situation: What is the dominant motive of the pure empiricist? The 
desire for indisputable information about particular factual 
situations without reference to any a priori system of uni- 
versil and necessary principles. 

Meaning-situation: What kind of knowledge is acquirable? 

Quantitatively aredi sense perceptions of particular 
occurrence. 

Knowledge-situation: By what method and criterion is warranted belief acquired? 
By inductive inferences from observations of sense-data 
which are verified by experimentally testing their corres- 
pondence with facts under controlled conditions. 


Although McEwen makes few original contributions about the place of values 
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in the scientific enterprise, he does offer a two-fold classification that clarifies 
of the controversial issues; radical relativism, and situational relativism. The f. 
position declares that no objective knowledge is possible, Interpretations of 
social scientist are relative to his values and are, in principle, not distingui: e 
from the interpretations of non-scientific claimants, Situational relativism recognizes 
the part played by valuations, but attempts to take into account personal bias 
through. reflectively forming sentences which fit the requirements of the meaning 
situation: "The situational relativist assumes that within the specifiable limits and 
in accordance with the specific requirements of a given epistemological perspective 
testable claims can be constructed and verified as reasonably accepted to a come 
munity of reflective minds" (page 59). 

As an aid to defining social-scientific knowledge, McEwen describes a syno] 
model” of behavior data. An expansion of the multidimensional models of Tol- 
man and Parsons, this model has little originality nor (for the modern psychologist, 
at least) utility, The counsel to take into account historical, cultural, social and 


ation of a small number of antecedents is more a reflection of scientific specializati 
than of restricted models. 


Five postulates are set down: reality; probability; system; causality; and coherence, 
The significance of these postulates for each of the social sciences is given. 
Although helpful in systematically describing the meaning-situation, the author 
not taken advantage of recent substantive work, As indicated above, the sources 
the author's analysis of social science are the opinions, preferences, styles and 


following explanations of behavior and causal explanations as noted by Peters 
his little book on motivation. The use of Freudian metaphors, similarly, suggests & 
M constructs that are based on other metaphoric origins. 

The author discusses the nomothetic-idiographic antinomy but fails to show how 
it is illuminated by the epistemological-methodological distinction. 
port, in favoring the use of idiographic methods, makes clear that his valuation 
the individual directs him to ask certain questions emphasizing uniqueness. The 


gruent. validity and of predictive vali in the pi scheme. 
1 have mixed evaluations about this book. On the one Band, it deals with ime 


ant problems some of which are ignored and neglected by psychologists (and 
Pe) in the frenetic search for truth through following the implication of the 
laboratory model of science. Further, it shows 0 
mon set of epistemological problems. On the 
much. To treat every principle and postulate in each of the social sciences 
the author to examining the work of 
opinions of these theorists are worthy are 
tions of the actual work being done. Admittedly, it would have been a Herculean 
task to analyze the epistemological bases of the significant research in all fields of 
the social science, Perhaps McEwen's book will stimulate others to attempt similar 
epistemological studies of more restricted xtpe—of one segment of social science 
ata time, 

University of California, Turobonr R. Sarnin 
Berkeley 


A Theory of Data. By Cuvon H. Coomns, New York, John Wiley and Sons, 
Inc, 1964, Pp. xviii, $85, $14.95. 
Measurement occupies a peculiar and prominant place in phychology. An carly 


p 


his efforts. 

An elementary property of measurements is transitivity; if A 
B is heavier than C, then certainly A must be heavier than C. Since the relation on 
numbers, "greater than," is transitive, the corresponding relation between objects 
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ment, in which the object is at once measured on several different scales or located 
in a multi-dimensional space. The usual solution to this problem, factor-analysis, 
does not satisfy him, however, because it merely assumes that measurement is 
already accomplished, and does not give an opportunity to show that the objects can 
be measured in the space proposed. 

What relationships must obtain among a set of data to justify placing them in a 
certain multi-dimensional space? If we have distances between the various objects, 
then factor analysis makes it possible to reconstruct the space. If our data are purely 
qualitative, however, the conditions are extremely complex. An important but formid- 
able part of Coombs’ book is devoted to this kind of question. Here it is most 
noticeable that Coombs eschews the algebraic formula; the most difficult points are 
transmitted by a combination of words, diagrams, and tables. Those of us who 
have had the pleasure of hearing Coombs speak may ache for the sight of his hands 
shaping the argument, for in the book many of the arguments require the most 
determined concentration. 

An important characteristic of human judgment is that it not only compares 
one object with another on some property, but may also reflect a relationship 
between object and subject. If I endorse a political candidate, this is a signal of a 
certain ideological proximity, not between two objects but between me and the 
object. This kind of relationship is of great importance in that eternal struggle to 
define Unity or some other summary of preference. Coombs' approach is to throw 
subjects and objects into the same space, having each subject contribute an "Ideal 
point”. Then, the subject's preferences among objects are represented by the 
proximities of the objects to his ideal point. In this way the preferences of different 
subjects can all be reconciled with a single constant arrangement of objects. Differ- 
ent subjects differ, not in their perception of the objects, but in the location of 
their ideal points. 

These and other ideas of Coombs’ are developed in detail in A Theory Of Data. 
A multitude of special experimental arrangements and of surprising and exciting 
conclusions, are put forward. For example: the general idea of unfolding is 
related to the existence of a social preference-scale, the basic assumption of welfare 
economics. Elsewhere, scaling methods are shown to clarify studies of curiosity. 

There are two major problems with this book. One is the difüculty of the 
arguments, at least to a person like the reviewer, who most easily gathers detailed 
arguments from equations and steps of proof. Much of Coombs’ effort, over the 
years, has been to formulate the problem of obtaining metric or almost-metric in- 
formation from non-metric data. The problem is clearly Coombs’, but the solution 
was obtained by Roger Shepard in his Analysis of Proximities, using methods and 
approaches foreign to Coombs’ style. Because it deals in large part with technical 
difficulties now well on the way to being overcome, the book, unhappily, is some- 
what outdated already, 

A second problem is in the abstractness of the argument, It is the nature of 
Coombs approach that he treats data with respect to form, not content. For his 
methods, an experiment results, not in 
information about the world, but in a s 
interpretation. The book contains an unusually large amount of data, but almost 
no joie eas facts. us is no doubt appropriate to the topic, but nonetheless 
Separates Coombs’ contribution from the more particular and substantive hypotheses 
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put forward by many other mathematical psychologists. For example, Coombs draws 
many implications from his idea of "ideal stimuli," setting the chooser in among 
the prizes. Experiments illustrate and use the theory more than they test or refine 
it. A skeptic might want more evidence of validity to justify the detailed instruc- 
tions of how to analyse data using these assumptions. In the depth and toughness 
of his arguments, Coombs resembles the experimentally-oriented mathematical 
psychologists, but in his choice of problems, his affinities are with what is called 
"Scaling." 

This book is probably the most profound in the scaling literature, the most in- 
formed by general knowledge and understanding of the problems involved. It is a 
reasonably up-to-date account of Coombs’ important work, and also provides an 
interrelated overview of a variety of related experimental procedures. It is not a 
cookbook, nor even a cookbook with "rationales," but a mature discussion of the 
concepts and approaches to psychological measurement. Certainly, any general 
theory of measurement must take Coomb's thoughts into consideration. 

Indiana University FRANK RESTLE 


Ingratiation: A Social Psychological Analysis. By EpwARD E. Jones. New York, 
Appleton-Century-Crofts, 1964. Pp. viii, 211. $6.00 

In this monograph a series of several experiments, most of which have appeared 
recently in journals, are presented and discussed in detail. They all focus on a 
single complex interpersonal process, attraction-seeking or ingratiation, and attempt 
mainly to identify the behavior displayed in such strivings. Overall research pro- 
cedure is guided by the assumption that "the tactical considerations involved in 
managing a positive impression . . . shape those commünications which have 
implication for gaining and maintaining esteem" (p. 191). By varying the con- 
ditions under which an individual seeks to be attractive to another and by observing 
changes in their communication, Jones has provided us with our first clear experi- 
mental analysis of ingratiation. 

Four main features of this process are considered: (1) Self-presentation; (2) con- 
formity; (3) other-enhancement; and (4) evaluations of a potential ingratiator. 
The first three describe tactics to achieve attractiveness; the last, the circumstances 
under which these tactics succeed. It is worth considering several of the many 
interesting findings. Instructed to portray themselves so as to make a good im- 
pression, subjects in describing themselves to a target person tended to stress their 
positive qualities and minimize their shortcomings. This straightforward and un- 
surprising relationship was shown to be contingent on such factors as: (1) Differ- 
ences in Status-Rank, Relatively high status individuals were more modest when 
induced to become ingratiating, while relatively low status individuals were more 
self-enhancing but only in predictable respects. (2) Characteristics of the Target of 
Ingratiation. Attempts at creating a favorable impression with a target who pre- 
ferred competence in task performance led to the communication of a different 
set of strengths than similar attempts with a target who valued congeniality. (3) 
Mutual versus Asymetrical Awareness of the Ingratiators Dependence on the 
Target Person. When the target was assumed to be unaware of the ingratiator's 
dependence on him, self-enhancement was strong and pervasive; when, however, 
there was mutual awarenness of dependence, the ingratiator communicated strengths 
in some areas and weaknesses in others, as if to establish his credibility, In certain 
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experiments a strong effect of conformity was observed. Inducements to ingratiation 
produced marked movement toward agreement with the opinions of the target- f 
person. The pattern of conformity, however, varied according to the relative status - 
of the ingratiator, with low status individuals conforming more on items relevant. 
to the relationship than on irrelevant items and high status individuals conforming 
more on irrelevant that on relevant items. The evidence on other-enhancement as 
a tactic was inconclusive but still interesting. A strong suggestion of a boomerang 
effect appeared when compliments were communicated from low to high status 
persons. The experiments on the evaluation of an ingratiator are the least satisfying 
for reasons mentioned below. They do, nevertheless, demonstrate that an innocent r 
bystander particularly likes a person involved in an ingratiating episode if the latter 
is under pressure to conform but avoids slavish agreement with the target-person, 
Since this monograph pushes into an amorphous domain previously unexplored - 
by systematic experimentation, it inevitably falls into conceptual and methodological i 
tangles. Considering the problems confronted, these difficulties are relatively unim- 
portant. For example, there seems to be a commitment to a model which is to 
account for the likelihood of ingratiating behavior. It is a familiar one based on - 
the subjective probability of success of the ingratiating act in obtaining benefits from — 
the target-person and the incentive-value of these benefits. No explicit attempt, how- — 
ever, is made to test this model, i.e. to experimentally manipulate probability of 
success or incentive-value. While for the most part the model is irrelevant to 
the experiments, it does specify classes of variables which serve as a framework 
for an excellent analysis of the cognitive and motivational determinants of ingratia- 
tion (Ch. 4). This chapter along with the review of past work on ingratiating 
tactics (Ch. 2) are stimulating and valuable. A second very simple heuristic model 
was presented to account for the relationship between the judged attractiveness of 
the ingratiator by the target-person and the extent to which the former uses in- 
gratiating tactics under different degrees of dependence on the target. It predicts that 
the ingratiator, up to some extreme point, becomes increasingly attractive as his 
use of ingratiating tactics increases. Under extreme usage, however, attractiveness — 
diminishes at a rate which is positively related to the ingratiator's dependence on the 
target. It is recognized that the experiments again are of doubtful relevance to the 
model. Judgments of attractiveness are made by subjects observing an ingratiating 
episode, not by the target person. The retionale for this is not convincing. More- - 
over, an extremely narrow range of values of the independent variable, usage of in- 
Bratiating tactics, was employed. Jones reports that the obtained results conform 
closely to theoretical expectations. This is true for only part of the data. The 
finding that if a relatively small amount of ingratiating behavior occurs, the ingra- 
tiator highly dependent on the target is judged more attractive than the minimally 
dependent ingratiator does not conform to the model which specifies that at no point 
is the highly dependent ingratiator to be judged more attractive. This effect is 
probably due to using a bystander as judge rather than the target person. 4 
Some questions may also be raised about methodology. Thus, is the ingratiating — 
behavior elicited by directly instructing subjects to present themselves favorably 
different from behavior emitted when the decision to ingratiate is voluntary? Satis- 
fying the demands of an experimenter probably minimizes the personal commitment 
and conflit accompanying most voluntary decisions to ingratiate. In the Dickoff - 
experiment (Ch. 6, pp. 169-180) the vested interest behind an evaluation was 
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manipulated by means of instructions. In one condition the evaluator was a gradu- 
ate student in clinical psychology undergoing training in accurately forming impres- 
sions of people. In the other condition the evaluator was a graduate student who is 
substituting for the regular assistant and who would like very much to use the 
subject in a subsequent experiment if the latter would agree. The distinct possibility 
exists that expertise was varied as well as the extent to which ulterior motives 
played a part in the evaluation. Whether this confounding had effects cannot be 
determined. 

These criticisms do not significantly detract from the importance of this mono- 
graph. It is a pioneering work which presents a masterful analysis of the tactical 
use of ingratiation accompanied by several experiments that are frequently ingenious 
and provocative. The relationship between ingratiation and a variety of traditional 
social psychological problems such as power, social perception, conformity, and 
interpresonal balance are clearly delineated. While no integrated theory of ingratia- 
tion is provided, there is a solid conceptual framework linked to work by Thibaut 
and Kelly, Festinger, Heider, and Newcomb, among others. On the whole Jones’ 
monograph will be a strong impetus and fruitful guide to theory and research on a 
topic of social and scientific importance. 

University of Michigan EUGENE BURNSTEIN 


Perception. By JULIAN E. Hocupers. Englewood Cliffs, New Jersey, Prentice- 
Hall, 1964. Pp. x, 118. Cloth $3.95, Paper $1.95. 

This little book is the best available introduction to perception. In a mere 118 
pages it covers most of the major subjects of interest and does so in language that 
is understandable to a beginner. The beginner will, however, have to work hard 
because the brevity of exposition requires him to participate actively in the de- 
velopment of the basic ideas. 

The beginner is not the only person who could benefit from reading this volume. 
Those psychologists who have a secondary interest in perception will find that its 
rapid-fire style and conceptual parsimony will enable them to attain a well-rounded 
view of what it is that perception specialists are doing and why they are doing it. 
This is not a mere collection of perceptual phenomena which have no connections 
other than the fact that the eyes are basic to their occurrence. There are several 
unifying themes which make sense of why the important experiments in perception 
were performed. 

As in most textbooks, Hochberg begins with a review of the techniques and basic 
findings of psychophysics. He places these data, however, within the framework of 
structuralism. In this context psychophysical research is seen as part of a program 
to define sensory qualities or sensations. It was the intention of structuralism to 
describe the elements frofn which the perceptions of daily life are comprised. 
Another part of this same program is analytical introspection which is also given 
a brief treatment. It is seen as related to the doctrine of specific nerve energies 
Which correspond to the elementary sensations. 

All of this is introductory to a discussion of elementary perceptual phenomena. 
The subjects considered here include color vision, with clear accounts of both the 
Young-Helmholtz theory and the opponent-colors theory, visual acuity and eye 
movements. The idea is to illustrate the notion that any patch of excitation of the 
retina corresponds to a particular sensation regardless of the scene from which that 
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patch was extracted. This is consistent with the structuralist's constancy hypothesis 
which assumes that perceptions are the sums of such elementary events. Hochberg 
raises the question of the adequacy of this kind of thinking for an understanding 
of perceiving. 

'This leads quite naturally to the problems associated with perceiving objects. 
The classical view of objects as structures of sensations is clearly described and then 
arguments against this view are presented. The postulate of the old core-context 
theory that perceptions are comprised of sensations and memory-images, or asso- 
ciations, is raised. The classical visual cues to depth are described quite adequately 
together with Berkeley's attempt to explain how these cues cause depth to be ob- 
served. This serves to show how the core-context theory operates to involve kines- 
thetic experience in visual experience. It also serves to allow Hochberg to introduce 
concepts such as accommodation and convergence and the roles that these processes 
might serve in depth perception. The concept of prior motor behavior as a basis 
for learning space perception is then questioned by reference to the visual cliff- 
experiments. Even here, however, the student is cautioned not to accept the re- 
sults of one seemingly cogent experiment. The problem is, as usual, more compli- 
cated than it might seem at first to be. The beautiful kitten carousel experiment 
of Held and Hein is described in an effort to show that the nature-nurture problem 
is not so clearly understood when stated as an either-or proposition. 

Then there is a brief but adequate introduction to the perceptual cons 
Included here is a discussion of the geometrical illusions which challenges the 
student to think out the possible role of the so-called monocular depth cues in 
their production. Hochberg is trying to get the reader to think for himself by merely 
suggesting the old idéà that the illusions are due to constancies run wild. 

The doctrine of unconscious inference is also described as is the important ob- 
servation that knowledge does not affect the outcome of illusions such as the Muller- 
Lyer illusion and the moon-illusion. The point is made that if unconscious inference 
were a valid principle then the constancies would be better than they are in fact. 
There are discussions of shape perception and motion perception as well. The facts 
of motion perception, shape perception, the constancies and the illusions are used 
to show how the addition or constancy hypothesis fails—how Structuralism is es- 
sentially inapplicable to an understanding of perception. 

In this same context Hochberg also discusses perceptual learning and Hebb's 
attempt to account for perceptual phenomena in terms of a learning process. It is 
here that the subtle point is made that this kind of theory is based upon some 
Structuralist assumptions. Cell assemblies are shown to be logically equivalent to. 
specific receptors which are responsible for elementary sensations in the old theory. 
The work of Hubel and Weisel is also described and its implications for cell-assem- 
bly theory considered. ? 

This leads quite naturally into a discussion of Gestalt psychology which was, 
after all, a reaction against structuralism. Hochberg sees Gestalt psychology as a 
program to defne a more appropriate unit of analysis of perception. Here the 
laws of organization are described as an attempt to account for form-perception. 
The inadequacy of this approach is also made clear and more recent efforts to de- 
fine higher order variables or units of analysis are described. These include Gibson's 
investigations of the optic array and his discovery that gradients of texture-density 
have enormous implications for space perception and the constancies. The relational 
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determination of brightness and size, the kinetic depth effect and Hochberg's own 
simplicity concept are all discussed in this framework. Clearly time- and space- 
varying properties of the stimulus add a new dimension of complexity to perceptual 
analysis and, at the same time, hold out the promise of providing a new basis for 
understanding. 

The book concludes with a discussion of social perception in which such subjects 
as subception, perception of faciai cues to emotions and intentions, and esthetic 
qualities are considered. There is some doubt in the reviewer's mind as to the ad- 
visability of including the material in the book but it should, nevertheless, be of 
some interest to the student. 

The illustrations and accompanying captions are quite good. They serve a useful 
instructional purpose in that they make the method and results of many experiments 
entirely clear without intruding too much into the essential arguments of the text. 

PERCEPTION is a good book for the beginner for whom it is intended. If the re- 
viewer were teaching an advanced course, he would use it. It could serve as a frame 
of reference for more intensive outside reading until such a time as it is expanded, 
which he hopes it will be in the near future. 

Sperry Rand Research Center, Sudbury, Massachusetts LLOYD KAUFMAN 


The Act of Creation. By ARTHUR KorsrLER. New York, The Macmillan Com- 
pany, 1964. Foreword by Sir Cyril Burt. Pp. 751, $8.95. 

If, as Arthur Koestler maintains, originality flourishes on crossdisiplinary fertili- 
zation, then one might expect great new things from a work by this distinguished 
novelist and essayist with some training in science, very wide knowledge of modern 
psychology, and a widely-read study of the history of scidhce to his credit (or 
discredit, as historians of science have insisted in their discussion of Koestler's 
earlier book, The Sleepwalkers). 

Koestler's key cognitive concept is bisociation: "the perceiving of a situation or 
idea . . . in two self-consistent but habitually incompatible frames of reference.” (p. 
35). Introduced in the first section of the book, dealing with humor, the concept 
is used in the second and third sections, dealing with scientific and artistic creativity. 
At first, bisociation seems to smack of a revision of the notion of novel or serendipi- 
tous associations to provide room for contact between whole structures of ideas 
rather than piecemeal associations between elements. But as bisociation is used, it 
comes to stand for all things to all geniuses. The items to be "bisociated" may be 
two disciplines such as physics and astronomy, as Koestler would have it in Kep- 
let's case; or two concepts, as when Einstein is said to have "bisociated energy and 
matter" (p. 233); or intersensory relationships used to achieve a poetic effect. 
In spite of Koestler's protestations to the contrary, bisociation closely resembles 
oldfashioned association applied to any unusual combination of ideas. 

Like all other connectionists, Koestler must find a powerful engine to facilitate 
the forming of new associations, otherwise the associative process would be too 
slow or too stereotyped to account for the occurrence of novelty. The Unconscious 
is Koestler's mighty engine, a kind of breeder reactor in which bizarre collisions 
Occur, often during sleep or other lapses of attention, and novelties are thrown off 
for the alert genius to catch. In the shifting sliding scenes of this nether-world all 
things happen quickly and forbidden acts easily. On waking, we see what we have 
done, and if we do not moan "Alas!" we may cry "Eureka!" 
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As Koestler works out this thesis, he repeatedly uses pejorative terms to describe 
normal, non-revolutionary science. Scientists who merely recognize a revolutionary 
idea and pursue its implications are mediocre, pedantic, over-specialized, hyper- 
critical, and guilty of establishing a new orthodoxy. In a few excellent pages 
Koestler does touch on the constructive relations between normal and revolutionary 
science (especially pp. 257-258), but the basic tone of the book lays overwhelmingly 
one-sided emphasis on the role of the lonely revolutionary. Thus, for Koestler 
the decisive phase in creative scientific thought is an irrational, asocial act. In good 
part, this hypersubjectivity stems from the author's undue emphasis on theoretical 
work at the expense of the empirical side of science. In some contexts, this emphasis 
might be a useful corrective, but wè should not forget, as Koestler seems to do, 
that Galileo and Newton were not only theoreticians but fine experimenters; and 
Darwin coupled his skill at theoretical synthesis with many great innovations in 
empirical biology. By overemphasizing theoretical work at the expense of experi- 
mental, and divorcing the two, Koestler deprives science of its major source of 
objectivity: the blending of observation and speculation. 

lt is hard to tell how much special magic Koestler intends in the number “2” 
implied in the word, bisociation. Koester's own extended illustrations do not 
bear out the 4i-sociative thesis. As I read his description of Gutenberg, three pro- 
cesses are combined in the invention of printing from movable type. In his des- 
cription of Kepler, physics decisively marries astronomy, data clash decisively 
with theory, and two old ideas are decisively discarded. In his description of Darwin, 
at least three threads are interwoven, Thus, even in these greatly schematized and 
simplified accounts, matters turn out far too complex for bi-sociation. If the 
combination of only two ideas sufficed to produce a revolution, it would be plausible 
that the decisive event might occur unintentionally and accidentally, as Koestler 
maintains, If, however, revolutions in thought are seen to require the assemblage 
of many carefully winnowed and shaped components in a new structure, the role 
of purposeful and rational work would be greatly magnified. 

As one reads on, the wooliness of Koestler's concept of the unconscious seems 
to grow. Skilled acts which have become automatic, involuntary functions such as 
breathing, exploratory behavior in unfamiliar situations and many other ingredients 


concept, it also separates explicitly rational thought from its essential pre-conscious 
substratum, thereby making such thought impotent and trivial. 

The book contains an impressive assembly of historical anecdotes and will be a 
useful source for anyone wanting to illustrate the tole of the unconscious in 


book. One might say less about style if Koestler were not a distinguished writer, 
for he is not much heavier, more pedantic, or more unreadable here than the scholars 
he attacks for these sins. The book is strewn with bewildering neologisms, overly 
cute epigrams, and heavy-handed verbal mystique. More Seriously, Part II seems 
to have been written after the author wearied of the concepts used a Part I. 
After the discussions of humor, scientific thought, and the arts, the book closes 


BOOK REVIEWS 165 


with a long section, Part II: "Habit and Originality,” which is largely a sketch of 
general psychobiology as seen by Koestler. His main theme is the biological basis 
of creativity, as evidenced by the numerous loose analogies he can draw between 
various biological phenomena and the creative process as he sees it. Koestler throws 
out some interesting hints as to how one might construct a theory of creativity as 
a growth-process. His argument in the preceding sections, however, puts so much 
emphasis on the single creative act that he has not left himself room for a careful 
synthesis of his ideas on growth with his earlier remarks on creativity. 
New School for Social Research Howanp E. GRUBER 


Subcortical Mechanisms of Behavior. By RdBERT A. MCCLEARY and ROBERT Y. 
Moore. New York, Basic Books, 1965. Pp. x, 148. $2.95. 

This book is the first of several which are to appear in a series called Basic 
Topics in Physiological Psychology. If this is a representative sample, the collection 
should provide excellent introductory reading for students taking courses in the 
subject. Its value to others is possibly reduced by a paucity of references, especially 
as the degree of simplification required in this sort of book inevitably leads to some 
statements that could mislead a reader with a more professional interest in the 
subject. Lack of individual citations also leads to overworking of the terms "neuro- 
physiologists think," "research workers have shown," and so on. 

The temptation to equate "cortical" with "cognitive," and "subcortical" with 
"conative and emotional" is compelling, but should be resisted; as McCleary and 
Moore point out several times in the introductory chapter, all parts of the brain 
work together. In a series directed to psychologists, I think it would have been 
better to adopt a behavioral parcellation of topics rather thfn an anatomical one. 
The authors have, in fact, taken justifiable liberties with their title and deal with 
those parts of the brain, not all of them subcortical, that seem to be primarily con- 
cerned with motivation in a broad sense. They even manage to insinuate a section 
on the neocortex into the introductory chapter, claiming that the preponderance 
of vertical over horizontal connections is evidence for subcortical involvement in 
cortical function. I doubt whether this point needs arguing, or, if it does, whether 
this is the best argument (after all, many of the vertical connections penetrate no 
further than the white matter before returning to the cortex). The space might 
more profitably have been used to discuss in a more general way the relationship 
between cortical and subcortical structures. 

The chapter on the anatomy of the brain, which emphasises the connections of 
the parts to be discussed in later chapters, the reticular system, the hypothalamus, 
and the rhinencephalon, is very good. It includes a number of clear and very help- 
ful diagrams, and, in spite of its apparent simplicity, it contains a great deal of 
useful information. s 

The remaining four chapters deal, at a suitably simple level, with respiration; 
the hypothalamic control of eating, drinking, and making merry; the role of the 
ascending reticular system in waking and attention; the mechanisms of punishment 
and reward; and a number of limbic-system functions. The problems of presenting 
a readable and fair account of these complicated and controversial fields in a few 
Pages are surely insuperable. McCleary and Moore have certainly succeeded in pro- 
ducing a readable version, and, given that no contradictory findings are to be cited, 
one that conforms on the whole to the most widely received views about the systems 
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under review. The picture of hypothalamic drive mechanisms is close to the Stellar, 
Teitelbaum, Epstein one, and the treatment of the reticular system is fairly close 
to the version according to Lindsley and Magoun. Details of both of these almost 
classical models have come under attack of late and students who go on to more 
advanced study may be in for some surprises, but at least they will have clear 
schemata as a basis for whatever corrections subsequently prove necessary. 

A minor general criticism is that the authors perpetuate the anatomical categori- 
zation at the level of their chapter heads, which leads, for example, to the medullary 
respiratory mechanism popping up rather confusingly in the chapter on the hypo- 
thalamus. It also contributes to a blurring of the distinction between the reticular 
formation, which is an anatomical ‘entity, and the ascending reticular system, a 
psychophysiological construct which only partly overlaps the former. 

Although the book occasionally presents controversial findings as facts, I have 
found few downright errors of any consequence. In the last few pages, however, 
where the authors venture into the realm of memory, I know of no experiment 
which supports their statement that repetitious study can overcome the learning 
deficit of human patients with substantial bilateral lesions of the hippocampus, and 
it is contradicted by the fact that one such patient failed to show the slightest im- 
provement in performance during the course of several hundred trials on a stylus 
maze. Only patients with less extensive lesions seem able, to profit from prolonged 
practice. 

Notwithstanding the criticisms raised above, the authors are to be congratulated 
on successfully filling the need for an integrated, yet basic, treatment of this in- 
teresting and active area of physiological psychology. 

McGill University? Peter M. MILNER 


Perception and the Conditioned Reflex, By Ye. N. Sokorov. New York: Macmil- 
lan, 1963. Pp. x, 309. $12.00. 

Sokolov's experiments, as summarized in this book, approach perception in a 
fashion agreeable to the most classic behaviorism, and are yet by no means out of 
harmony with current American theory of perception. He measures the "little r's,” 
the subtle organismic responses to stimuli so often invoked, but so seldom meas- 
ured by traditional behaviorism. His interest in these responses is not, however, 
in how they enrich the external input with response-produced stimuli. Instead, he 
is concerned with how these responses modulate the external input, tuning the 
organism to novel stimuli and to "signal" stimuli. 

His dependent variables are vascular, respiratory and oculomotor responses, the 
GSR and EEG, and occasional voluntary responses such as verbal reports and hand 
clenching, since he works with human 5s. His stimuli are drawn from the classic 
armory of the sensory physiologist: puffs of air, electric shock, light flashes, tones, 
and passive limb movements. To draw these observable elements together he has 
an elegant set of constructs derived from Pavlov: the reflexes of orientation, adapta- 
tion, and defense. The orientation-reflex is defined as a general sensitizing ‘response 
elicited by a change of stimulation, independent of the nature of that change. The 
adaptation-reflex is a response specific to the modality of the stimulus, which ad- 
justs the sensitivity inversely to the intensity of the stimulus. The defense-reflex 
is, again, a general organismic response, elicited by strong stimuli, which limits 
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the action of those stimuli. These three reflexes are not identified with any single 
response, but rather with a characteristic pattern of activity in several simultane- 
ously registered response channels. 

The problem Sokolov deals with is how these reflexes change with experience, 
and thus produce a kind of perceptual learning, in the sense that the input from 
external stimuli is modified. He mainly concentrates on the orientation-reflex. This 
reflex shows, first of all, a rapid extinction compared to the others. Indeed, as the 
threshold of the orientation-reflex rises, on repeated stimulus presentations, that 
of the defense-reflex tends to lower. Secondly, when the orientation-reflex has 
been extinguished by a regularly timed presentation of a stimulus, it can be re- 
elicited simply by failing to present the stimulus at the regular time. Thus the 
orientation-reflex may become sensitized to a stimulus-pattern, rather than to in- 
dividual stimulus-elements. Thirdly, Sokolov is able to relate this orientation-effect 
to a concurrent change in the adaptation-reflex. The adaptation-reflex is found to 
undergo a kind of autoconditioning during the repetitive stimulus-cycle, so that 
it begins to occur in advance of the stimulus itself. The neural response to the 
external stimulus, when it does come, is thus partly cancelled. On the other hand, 
if the external stimulus does not come on schedule, the conditioned change of 
sensitivity will induce a change in neural response to the unchanged external input 
(p. 144). Thus the orientation-response may be elicited. (The same mechanism 
might provide a basis for Ivo Kohler's conditioned negative after-effects.) 

The orientation-reflex is also found to be re-activated when the repeated stimulus 
acquires "signal" properties, j.e. becomes a CS, either because it precedes another 
stimulus, or because $ has been told to respond to it in some way. It extinguishes 
once again when the conditioned response is well established, thus failing to sup- 
port those Guthrie-type theories which suppose that response-produced stimuli of 
the orientation reflex are what is connected to the conditioned response (pp. 256, 
291f.). If a discriminative task is then introduced, the orientation reflex is again 
activated. Sokolov is thus able to use the orientation-reflex as an independent index 
of the conditioning process. 

In relating these very interesting findings, and many others, Sokolov does not 
Present statistical evidence, but makes the reader depend on the representativeness 
of sample response-records. Some of his experimental procedures seen inadequate, 
e.g. presenting stimuli for verbal detection at fixed intervals, with no catch trials 
(p. 226); others seem ingenious but problematical, e.g. estimating transient thresh- 
olds from the reaction-time to a single stimulus (p. 234). The text has some an- 
noying lapses, in the form of highly redundant passages, and unexpected transitions. 
On the other hand, it has a clear and very logical over-all organization, and the 
diagrams are excellent. 

Smith College 


Joun C. Hay 


Stability and Change in Human Characteristics. By BENJAMIN S. BLOOM. New 
York, John Wiley & Sons, 1964. Pp. vii, 237. $7.00. 

Over the past thirty-five years a considerable amount of longitudinal data have 
accumulated from several research centers throughout the United States. The high 
degree of interest in the research reported by these centers reflects the importance 
social scientists attribute to the longitudinal model as a source of primary empirical 
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data for documenting theories and developing hypotheses for understanding hum 
behavior. Benjamin Bloom has made a major contribution in his book, “Stability 
and Change in Human Characteristics," by bringing together and organizing 
results from several of the major longitudinal studies. In this book he presents a 
model for understanding and predicting the course of development for various hı 
characteristics. This model is based on three propositions, which simply stated 
(1) as a characteristic progresses toward its full maturity it becomes increasin, 
related to subsequent measures of that characteristic; (2) change-scores are unrelat 
to initial status in a characteristic but are due to variable environmental conditions 
(3) the environment has its greatest effect during the period of most rapid gi 
of a characteristic, and conversely, as the developmental curve for a characteris 
asymptopes it becomes more resistant to change (from environmental influences 

The author evaluates the proposed model by applying the propositions, in q 
tative terms, to developmental data drawn from several of the long term long 
tudinal studies. Statistical relationships and curves are presented to show ho 
closely existing developmental data fit the theoretical curves derived from th 
model. Longitudinal data on physical characteristics, intelligence-tests, achievem nt 
scores, and personality ratings are, each in turn, presented and evaluated within 
conceptual framework outlined by the author. The facts are in excellent agreen 
with the developmental curves predicted by the model for physical and intellectui 
growth data. His analyses of the stability of scores on achievement-tests are not 
as concordant with the model, but here the longitudinal data are incomplete and 
the instruments are not as well designed (often by necessity) to provide scoi 
for plotting growth-curves for unitary characteristics. When the author begins 
discussing the stability of personality characteristics, such as aggression and depen 
dency, one begins to feel that he is arguing more from conviction and earlier es 
tablished premises than from the patterning of results, which in many instances are 
contrary to his thesis. He deals with these inconsistent findings by attributing them 
to inadequacies in the collection of the data and to the superficial nature of 
personality measures employed. Although these points are well-taken, his own mo 
seems untenable for explaining these phenomena since there is little basis to as 
sume that many personality variables follow the accumulative growth pattern that 
contends exists. For instance, he purports that half the growth of "dependence 
females" seen at approximately 20 years of age is obtained by age 4, based on 


of development, determine optimal periods for effective intervention, and enhance 
our ability to predict the potential of the individual. In addition, some highly desir- 
able suggestions are made in the book for improving measurement techniques and 
for conceptualizing and assessing environmental variables. 
Child Research Branch, Howard A. Moss 
National Institutes of Health. 
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Language and Thought, By JOHN B. CaRROoLL. Englewood Cliffs, New Jersey, 
Prentice-Hall, 1964. Pp. v, 118. Cloth $3.95, Paper $1.50. 


This is a good book. It is simultaneously comprehensive, accurate and up-to-date. 
At its modest cost, it is well worth purchasing even for those only minimally in- 
terested in the language processes. For those actively engaged in the field, from the 
psychologist to the speech pathologist and their students, it is perhaps the best 
basic overview of language and its relations to complex symbolic activity this re- 
viewer has seen. 

Carroll stints no aspect of linguistic behavior. He shows remarkable conscien- 
tiousness concerning detail for a volume meant to be an elementary survey text. 
It is, in fact, elementary only with respect to the clarity of the exposition and its 
limitation on space. 

His choice of title alone shows commendable insight into the central issue of 
a book which might, more prosaically, have been entitled psycholinguistics, The 
relation between language and thought is both intimate and complex. A thorough 
comprehension of this volume will acquaint the reader with the former and clarify 
the latter. 

Carroll belongs to that relative rarity among psychologists; he is a first generation 
psycholinguist. He was influential in establishing the committee on Language and 
Psychology of the Social Sciences Research Council, the committee initiating the 
psycholinguistics monograph edited by Osgood and Sebeok which gave form and 
substance to the then new field. It is perhaps most significant that this book should 
now reside, without apology, next to the more traditional titles of the 13 other 
volumes of the Foundations of Modern Psychology Series edited by Richard 
Lazarus. ? 

Because of the limitations imposed by the format of the Foundations series, the 
book cannot stand as a text without additional reading materials, What the book 
does cover, however, is covered well. Beginning with the acoustic raw material 
of spoken language, Carroll discusses the segmentation and representation of 
language through phonemes to complex transformational constructions. With the 
tools of description thus provided, he discusses what knowledge we have about 
language acquisition in the child and its dissolution in disorder, ending with an 
appraisal of the relations of concept formation and cognition to linguistic processes. 
Adequately but not overly documented by experimentation, the theoretical exposition 
is soundly neo-behavioristic and cautious. Controversy with regard to this approach 
is neither avoided nor cursorily dismissed. 

It is well worth having such a book from one who is so intimately associated 
with the development of the area. 

University of Illinois S Murray S. MRON 


Social Psychology. WittiAM W. Lampert and WALLACE E. LAMBERT. Engle- 
wood Cliffs, N.J., Prentice-Hall Inc., 1964. Pp. vii, 120. Cloth $3.95; Paper $1.50. 


This little book is intended as a text for the social psychology unit of an intro- 
ductory course in psychology. It is one of a series of short volumes, each a self- 
contained book dealing with a particular aspect of psychology. The entire series is 
Said to cover the "full scope of psychological thought, research, and application." 

If the quality of the Lamberts’ book is representative of the entire set, students 
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exposed to this type of texual materials are in for a stimulating experience. Except 
for the first chapter which is not very informative, the authors have presented social 
psychological research and concepts in a manner that is informal but succinct. Their 
enthusiasm is apparent, and it is communicated in a way that expresses the excite- 
ment of intellectual inquiry. Unlike many textbooks, this one stresses very recent 
developments. A large percentage of the studies that are summarized to document 
the authors' assertions are no more than three or four years old, and the issues that 
receive major attention are usually those that are central to current research and 
theory. 

Like all compacts, however, this model lacks features that some users may desire. 
Heavy emphasis is placed upon thé influence that interpersonal transactions have 
on the individual's perceptions, attitudes, and actions. Less attention is given to 
influences that flow in the opposite direction, and very little concern is shown for 
relationships between interpersonal transactions and the properties of the collectivi- 
ties in which they occur. Thus, although the book reflects the accomplisbments of 
social psychology rather accurately, it tends not to familiarize the reader with vast 
problem areas in which successes have been more meager. Except in a final chapter 
dealing with personality and culture, the focus is on the individual. The student 
is unlikely to gain a deep appreciation of the possibilities and difficulties of ap- 
proaching human behavior at levels that are more complex than the individual and 
less elusive than the society. He will have limited understanding of attempts to 
treat the group as a system, only primitive notions of the concepts of role and social 
organization, and rather vague insights into the structured character of person-to- 
person transactions. 

This, however, is & very good book. Students should learn a great deal from it, 
and will probably form favorable, even if slightly biased, conceptions of social 
psychology. Instructors should find that it stimulates productive discussion and 
encourages critical thought. Probably this is more than is accomplished by the rele- 
vant chapters of most conventional texts. 

University of Illinois Ivan D. STEINER 


Psychology Applied to Industry. By Marvin D. DuNNETTE and Wayne K. 
KIRCHNER. New York, Appleton-Century-Crofts, 1965. Pp. viii, 262. $2.50. 

In their preface, the authors accurately characterize this book "as a collection of 
brief essays about the present accomplishments of psychologists in industry.” They 
envision it being used as a supplementary textbook in general psychology courses, 
or as a main text for courses addressed to non-psychology majors or possibly in 
courses in industrial psychology when enriched liberally by additional readings. 
These are rather modest objectives. 

The introductory chapter sets the tone by stating that the primary aim of the 
field is to introduce the scientific method as the basis for decisions involving human 
behavior or the utilization of human resources. This is to be accomplished by 
psychological research, the results of which will presumably serve as data for en- 
lightened executive decisions and actions. The book does not consider the difficulties 
and frustrations commonly experienced in trying to implement this traditional role 
of the industrial psychologist, nor does it examine possible alternative ways in 
which the psychologist may serve as a change-agent in industry. 
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The remaining eight chapters, or “essays,” each cover an area toward which in- 
dustrial psychologists have turned their attention; namely, personnel selection, 
training, counseling, equipment and systems design, motivation, organization, labor- 
management relations, and consumer behavior. In each instance, an attempt is 
made to describe briefly the main objectives and methods which characterize the 
topic and to describe in a few pages on or two illustrative studies. The constraints 
of brevity and simplicity create problems of sampling and penetration with which 
the authors generally copy reasonably well. On the other hand, one cannot but 
wonder why they elected to devote approximately twenty-five precious pages to 
necessarily superficial treatments of statistical apd psychometric methods, plus most 
of a chapter and a seven-page appendix to survey research techniques, while omitting 
or barely mentioning such major subjects as performance ratings, sensitivity training, 
financial and other formal incentives, and problems of consumer-behavior, and 
methods other than those involving survey research. 

What the authors do treat, they treat knowledgeably and in a clear and interesting 
style. 


New York University RAYMOND A. KATZELL 


Statistics for Psychologists, By WILLIAM L. Hays. New York, Holt, Rinehart, 
and Winston, 1963. Pp. xvi, 719. $10.75. 

In the preface, the author states that this book is designed as a text of an inter- 
mediate level of difficulty "in a relatively nonmathematical form, but in somewhat 
more detail than is customary in texts designed for psychologists, and with con- 
siderably more emphasis on the theoretical rather than the applied aspects of the 
subject.” One goal is to provide the research psychologists with enough of the 
language and concepts of the mathematical machinery to enable him to communicate 
effectively with a professional statistician. 

The material is certainly there, and Hays has done an admirable job of verbalizing 
the mathematical implications in an attempt to articulate with the evolving sophis- 
tication of the reader. Probability is handled from a set-theoretical point of view fol- 
lowing a fairly detailed review of elementary set-theory. There are included sections 
on such topics as the algebra of expectations, statistical decision-theory, Bayesian 
statistics, as well as the material traditional in a text at this level through two-way 
analysis of variance with a well-organized discussion of fixed, mixed and random 
models. Throughout, care is taken to introduce and define the related concepts 
arising from mathematical considerations, ¢-8- unbiasedness, consistency, relative 
efficiency, and sufficiency in the section on point estimation. 

It is at this level and in sections in which material is related to a geometric frame- 
work that the enterprise seems to bog down. Intuitions at this level are largely 
mathematical and require an adequate background if the explanation is not to sound 
like some magical incantation. One gets the feeling that a student having sufficient 
sophistication to come to grips with much of this material would have been well- 
advised to take a sequence of courses in the department of mathematics or statistics. 

Can a person using it more as a reference get anything from the book on his 
own? The answer is undoubtedly yes, providing he works hard enough at the 
fundamentals provided. 


Duke University C. ALAN BONEAU 
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Reference Groups: Exploration into Conformity and Deviation of Adolescents. 
By MUZAFER SHERIF and CAROLYN Woop SHERIF. New York, Harper and Row, | 
1964. Pp. xiv, 370. $6.00. 

This book reports the study of the ongoing interactive processes of twelve 
informal adolescent groups, occupying a range of socio-economic levels, by "partici- 
pant-observers" who attached themselves to these groups in various ways with a 
minimum of interference. The project is timely, for the science of small groups is 
sorely in need of an adequate inductive phase, based on descriptive data obtained 
in naturalistic settings with a minimum of contamination by the experimenter and 
his biases. Unfortunately, however, the Sherifs chose not to approach their study in 
this way, but attempted to fit their data to a rather formidable set of preconceptions. 
Most of the text consists of elaborate and often redundant statements of theóry, 
bolstered, in large part, by empirical support of an anecdotal nature. This was not 
the most suitable use of the descriptive-naturalistic approach, for the hypotheses 
were generally inadequately tested, the potential of the study for generating new 
insights about groups was largely lost, and one emerges with the sense that although 
the observations were comparatively free of observer-bias, this was offset by inter- 
preter-bias. 

The first brief chapter, titled “Grist for the Mill," is a notable exception, for 
here the Sherifs demonstrate their excellent skills for reporting the raw material 
of their study with some vivid samples of the groups in action. It thus becomes 
doubly regrettable that the remainder of the book does not contain more “grist” 
and less about the “mill.” 

State University of New York at Buffalo IRWIN SILVERMAN 


The Unconscious in Social Relations: An Analysis of Unconscious Processes in 
Personality, Society, and Culture. By OTAKAR MACHOTKA, New York, Philosophical 
Library, 1964. Pp. xxiii, 322. $6.00. 

This is an interesting survey of unconscious functions other than those discussed 
by psychoanalytic investigators. No monolithic theory is expounded, instead a very 
wide array of data is reviewed and Organized to help bring coherence into what 
has traditionally been a neglected field. The chapter headings range from subliminal 
and marginal experiences; through mental set, learning and thinking; on to atti- 
tudes, values, and personality and culture process. In each section the significance 
of unconscious Processes as revealed in experiments, as well as in more general 
studies and discussions, is examined. 4 

Here we have the report of a scholarly exploration which can be highly stimu- 
lating to an open reader, and provide the point of departure for countless studies 
of a more conventional design. The fact that unconscious processes have not been 
considered an organized field of inquiry, except by the "depth" psychologists, may 
be an historical oversight. This book could be important: at any rate, it should not 
be overlooked even though some may consider it a superficial inBproach. 


The City College of EuGENE L. HARTLEY 
the City University of New York 
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LINGUISTIC AND NONLINGUISTIC PROCESSES IN 
LEARNING AND MEMORY-INTERFERENCES 


By SANDOR B. BRENT, Wayne State University 


In an earlier study of retroactive interference, three levels of functional 
unity (FU) of the interpolated list were compared on (1) the rate of 
acquisition of the interpolated material itself, and (2) the amount of 
retroactive interference (RI) generated under each condition.’ In this 
study, bigh unity was represented by a series of words forming two com- 
plete and meaningful sentences; intermediate unity, by these same words 
rearranged to form a series of apparently disconnected phrases; and low 
unity, by a random order of these words. Results of this study seemed to 
indicate that, while rate of acquisition of the interpolated list (IL) varied 
directly and continuously with functional unity (FU), amount of inter- 
ference varied inversely and discontinously with level of unity. While 
the theoretical issues which these findings raised for both the S-R inter- 
ference and the Gestalt assumptions about the processes underlying learn- 
ing and forgetting were discussed in some detail, the author himself was 
unable, at that time, to offer any alternative theoretical solution to the 
problems posed. 

In this earlier study, level of practice on the interpolated task was held 
constant—all the Ss receive exactly eight anticipation-trials during inter- 
polated learning. The present study was, therefore, designed to investigate 


* Received for publication April 12, 1965. This research was supported, by 
NSF Grant GB1579. The author wishes to express his appreciation to Quine 
Brengle, III, and Deborah Zimmerman, for their assistance in this study. — 

.S. B. Brent, Organizational factors in learning and remembering: Functional 
unity of the interpolated task as a factor in retroactive interference, this JOURNAL, 
78, 1965, 403-413. 
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the generality of the relationship between unity and memory interference 
across different Jevels of practice on the interpolated task—a factor kno 

to influence retroactive interference in other studies of this type? ‘The 
results of the study suggest that the distinctions between linguistic and 
nonlinguistic processes provide a useful approach to understanding the 
role of functional unity in both learning and memory interference. 


METHOD AND PROCEDURE 


The methods and procedures in this study were the same as those reported earlier, 
except for level of practice on the interpolated material. For convenience, thi 
procedures may be summarized briefly. 

A classical paradigm of retroactive interference was used. The Ss first learned 


Materials. The original list (OL) was composed of 18 common English words; 
arranged in a meaningless order: fellow it ran last expected race fifty this is to 
Yesterday tomorrow the again he do yards in, 

For the low-FU condition of the interpolated list (IL) these same words were 


rearranged in yet agother meaningless order: tomorrow last yesterday yards it 
again he fellow to do is expected race fifty in this the van. 


Ai this fellow yesterday in the last race tan is tomorrow be expected it again 
to do. 

For the high-FU condition, these words were arranged to form two meaningful 
Sentences: this fellow ran fifty Yards in the last race yesterday tomorrow he is exe 
pected to do it again, 

Subjects. There were 14 Ss in each of the nine experimental groups. The Ss were 
students in Introductory Psychology. 

Procedures, Items were Presented on an MTA-100 teaching machine at the rate of 
4 sec, per item. Each list began with an asterisk and ended with a blank interval. 
There was approximately a 20-sec. interval between original (OL) and interpolated 


RESULTS 


An analysis. of variance showed that experimental groups did not differ 
on trials to criterion during original learning (F — 1.00, df = 8/117). 
* See, for example, A. W. Melton and J. M. i 


i 5 The influence of degree of 
interpolated learning on retroactive inhibiti rm ific 
responses, this JOURNAL, 53, 1940, 172203. o the overt transfer of speci 


* For verbatim instruction, see Brent, op. cit, 405. 
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(1) Functional unity and retroactive interference. Two indices of retro- 
active interference (RI) were computed: percentage of items correct on 
first trial of relearning, and trials to criterion during relearning. Since 
these two measures were highly correlated and led to essentially the same 
conclusions, only errors on first trial of relearning are reported here. Fig. 1 
shows amount of retroactive interference as a joint function of level of 
unity of the IL material and the amount of practice on the IL task. 


(a) An analysis of variance resulted in significant main effects for level of 
practice on the interpolated task (F = 22.55, df = 2/117, p < 0.001) and for 
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Fic. 1. RETROACTIVE INTERFERENCE MEAT 
Percentage of items incorrectly recalled on first trial of relearning. Each point is 
the mean of 14 Ss. 


° 


level of unity of the interpolated material (F = 26.50, df = 2/117, p < 0.001), 
as well as a significant interaction between level of practice and level of unity 
(P = 410, df = 4/117, p < 0.005) 

(5) Because of the significant interaction, an analysis of simple main effects was 
performed. Level of practice on the interpolated task proved to have a significant 


‘This analysis of variance was performed twice: first on the retroaction scores 
themselves, and then upon an arcsin transformation of these scores. The F-ratios 
were in every case very close in magnitude, hence only the ratios based upon the 
untransformed scores are reported here. 
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effect upon RI under the intermediate (F= 16.94, df = 2/117, p < 0.001) and 
the low (F= 17.30, df = 2/117, p < 0.001) unity conditions, but did not have 
any significant effect upon amount of RI under the high unity condition (F = 1.00), 
Level of unity of the interpolated material proved to have no significant effect upon 
amount of RI after only wo interpolated practices (F = 1.05), but did have a 
significant effect after four (F = 6.53, df = 2/117, p < 0.005) and after eight 
(F = 23.17, df = 2/117, p < 0.001) interpolated practices. 

Taken collectively, these results indicate that increased practice on the IL 
results in increased forgetting of the OL for both the intermediate unity and the 
low unity of the interpolated lists, But does ot result in any increase in forgetting 
under the high unity IL. 

(c) One of the striking features of the results reported in the earlier study con- 
cerned the lack of any difference in RI between the Jow and the intermediate 
unity of the interpolated lists. To determine whether this same generalization held 
for the present data, a second analysis of variance was performed, in which only 
the low and intermediate conditions were compared with each other. This analysis 
showed that while the main effect for level of bractice was significant (F = 253.68, 
df = 2/79, p < 0.001), neither the main effect for level of unity (F = 245, 
df = 1/79) nor the interaction between level of unity and level of practice (F — 
0.00) were significant at the 0.05 level of confidence. 


Discussion. Both the absence of a significant difference between the Jow 
and the intermediate levels of unity, and the existence of a significant differ- 
ence between these'two and the high level of unity, demonstrate the general- 
ity of the findings of the earlier study across different levels of practice on 
the IL task. 

The lack of a simple main effect of practise under the bigh unity 
(sentential ordering) condition implies that under this interpolated learn- 
ing condition maximal interference with recall of original learning is 
achieved after only two practices on the interpolated list, and that no sub- 
sequent increase in interference occurs, even after eight practice trials on 
the interpolated list—despite the fact that the interpolated list in this 
experiment contained exactly the same stimulus elements as the original 
list, only arranged in a different order. This finding, it seems to us, poses 
a serious theoretical problem for any explanation of retroactive interference 
which focuses primarily on the nature of the stimulus elements themselves, 
while ignoring the internal, structural properties of the list in which these 
items are embedded. 

(2) Functional unity and. rate of interbolated learning. In our earlier 
paper, the lack of difference in RI between the /ow and the intermediate 
unity led to the hypothesis that the Ss may not have ‘perceived’ the differ- 
ences in structure which E had attempted to build into these two lists. In an 
attempt to evaluate this hypothesis, we reasoned that: if $ did not perceive 
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the difference between Jow and intermediate unity, then there should be no 
difference in the rate at which these two lists were learned during the IL 
phase of the retroactive task. Analysis of interpolated learning showed, 
however, that the intermediate list was learned significantly faster than the 
low list. We therefore concluded that the Ss did, in fact, 'perceive' a dif- 
ference between these two lists during the IL phase of the task, despite 


LEVEL OF UNITY 


MEAN PERCENT CORRECT ON LAST. TRIAL OF IL 


2 4 
NUMBER OF TRIALS ON IL 


FiG. 2. INTERPOLATED LEARNING 
Percentage of items correctly recalled on last trial of interpolated learning. Each 
point is the mean of 14 Ss. 


the fact that this difference failed to result in differential interference 
during the relearning phase. 

The lack of any difference in RI between the Jow and intermediate 
conditions of the present study raises exactly the same question regarding 
Ss’ ‘perception’ of the difference between these two conditions. We have 
attempted to answer this question by turning, once again, to the analysis 
of the rate of learning the interpolated list during the IL phase of the task. 


(a) Fig. 2 shows the percentage of items correctly anticipated on the last trial 
of interpolated learning, as a function of level of practice on the interpolated task 
and level of unity of the interpolated materials. Analysis of variance of these data 
showed significant main effects for level of practice (F = 48.30, df = 2/117, p < 
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0.001) and for level of unity (F = 111.89, df = 2/117, p < 0.001), as well as 
a significant interaction between practice and unity (F = 11.65, df = 4/117, p< 
0.001) 

2) Because of the significance of the interaction, an analysis of simple main 
effects was performed. Level of practice had a significant effect upon level of perform- 
ance under the intermediate (F = 33.33, df = 2/117, p < 0.001) and the low 
(F = 38.25, df = 2/117, p < 0.001) unity conditions, but not under the bigh 
unity condition (F < 1.00). Level of unity had a significant effect upon level of 
performance under the two (F = 89.28, df = 2/117, p < 0.001) the four (F = 
48.50, df = 2/117, p < 0.001) and the eight (F = 6.39, df — 2/117, b 
< 0.005) trial practice conditions. 

(c) To determine whether a significant difference existed between intermediate 
and low unity, in particular, a separate analysis was performed comparing these 
two conditions alone. The results of this analysis showed significant main effects for 
level of practice (F = 48.25, df = 2/79, p < 0.001) and level of unity (F = 
11.03, df = 1/79, p < 0.005), but the interaction between unity and practice was 
not significant (F = 1.00). 

Discussion. These results support the conclusion that the Ss did, in fact, 
‘perceive’ the difference betweeen the intermediate and the low unity IL 
lists during the JZ acquisition phase of the retroactive task. The existence 
of a significant main effect difference between levels of unity, taken in 
conjunction with the absence of an interaction between unity and practice, 
implies (1) that the additional sentential structure built into the inter- 
mediate (over the low) unity list by E had its effect during S’s first ex- 
posure to the stimulus-list (hence the difference in intercept betweeen the 
two curves), while (2) given that initial advantage in acquisition of the 
IL items, the remainder of the intermediate unity (phrase order) list was 
learned at the same rate as the low unity (hence the identity of the slope in 
their learning curves). The high unity (sentential order), on the other 
hand, seems to have been learned in its entirety after only a single practice 
on the IL task. 

GENERAL DISCUSSION 


The results of these studies Suggest both some basic concepts which 
may be useful in further structural analysis of* serial learning, and, sug- 
Best certain more general hypotheses concerning the processes underlying 
the role of functional unity in learning and remembering. 

In our earlier paper, the conceptual level of functional unity was de- 
fined as referring to "the degree to which the functions of each of the 
elements in a serial list contribute to and are determined by some supra- 
ordinate functions (or functional rules) governing S's organization of 


" See Footnote 4, 
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the list as a whole."^ In the high unity interpolated list of the present 
studies, the supra-ordinate functional rules governing the organization of 
the list are the semantic and syntactic rules of the language itself. The 
supra-ordinate function—which may, in this case, be presumed to govern 
S's organization of the list as a whole—is that of expressing or conveying 
the meaning of the sentences so formed. Finally, the functions of each of 
the elements in this list both contributed to and were (to some extent) 
determined by this supra-ordinate meaning-conveying function of the list 
as a whole. The intermediate and low unity interpolated lists differed from 
the high unity list in that (1) only selected subsequences of items in the 
list conformed to the syntactic and semantic rules of the language, and (2) 

- one was hard-put to discover any supra-ordinate function of meaning 
governing the organization of the list as a whole. 

Taken in the context of this analysis, the results of the present series of 
studies suggest certain empirical and theoretical generalizations concerning 
the role of functional unity in learning and remembering of lists of con- 
ventional words. 

Linguistic analysis of stimulus-lists. Since the specific application of the 
concept of functional unity was, in the present case, based upon the subor- 
dination of the sequence of elements in the lists tothe syntactic and 
semantic rules of the conventional language, interpretation of the stimulus- 
lists in linguistic terms will provide a primary basis for interpretation of 
the results, 

Any serial list of conventional words can be divided into a number of 
discrete segments such that (1) the sequence of words within each segment 
is consistent with the semantic and syntactic rules of the language, while 
(2) the sequence of units does not, itself, conform to these rules, Each 
Segment may be either linguistically complete, or linguistically incomplete. 
Linguistically complete units are, of course, meaningful sentences, while 
linguistically incomplete units are fragmented sentences. Each such se- 
quence may, itself, be viewed as a functional unit with respect to the word- 
elements of which it is constituted. 

From this point of view, the high-unity interpolated list may be seen 
as constituting but a single linguistic unit—one in which the functions of 
each of the items in the list both contributes to and is determined by 
4 supra-ordinate function of the list as a whole, viz. that of conveying the 
meaning of the sentence. 


“Brent, op. cit., 403. 


fellow / yesterday / in the last race / ran / is tomorrow / he expected / it again [| 
to do, The low unity may be divided into 11 fragments: tomorrow / last yesterday f| 
yards / it again / be / fellow / to do / is expected / race fifty / in this / the van, 
Finally, the original list may also be divided into 11 fragments: fellow / it ran last | 
expected / race fifty / this is to / yesterday / tomorrow / the again / he do | 
yards in! 


Functional unity and serial anticipatory learning. The data for the rela- 
tionship between functional unify and rate of serial learning (Fig. 2) sug- 
gest the following set of assumptions about the underlying learning 
processes: 


(1) A serial list of conventional words is first divided up (by $) into a series 
of functional units, such that (a) the order of items within each unit conforms to 
the syntactic and semantic rules of the language, while (b) the serial order between 
such units does not conform to these rules (The single, isolated word is, of course, 
the limiting case of such a functional unit.) 

(2) The order of items within each unit is learned immediately, on the first 
trial of anticipated learning. 

(3) Once learned, each unit, as a whole, functions as but a single ‘item’ of the 
serial list (equivalent, in this respect, to an isolated word which does not belong to 
any such unit) ^ 

(4) During all of the remaining trials of anticipated learning, $ is primarily 
concerned with the formation (że, invention or discovery) of ad hoc, idiosyncratic, 


'Certain of these partitions while not absolutely regular (in the linguistic 
sense) are close enough to being so as to justify the present method of division. 

us, for example, while the sequence the again is, strictly speaking, both syntactic 
and semantic nonsense, protocols taken from Ss indicate that the word the 
followed by virtually any other word except another article or a pronoun is 
generally perceived by S con constituting a linguistically possible functional unit. Or, 
again, a phrase such as he do, while failing to show agreement of person, is 
nonetheless perceived by $ as constituting a linguistically functional unit. The 
reader will find that although some alternative linguistic partitionings of each of the 
lists is possible, the average number of sub-units resulting from all reasonable 
Pese will not deviate markedly from those which result from the present 
method of partitioning. In subsequent investigations a pretest of the stimulus- 
materials could certainly be used to determine more accurately the most probable 
number of subunits characteristic of each list. 

Cf. G. A. Miller's concept of "chunking" as an eid to increasing the memory- 
span (G. A. Miller, The magical number seven, plus or minus two: some limits on 
SRI for processing information, Psychol. Rev., 63, 1956, 92 ff.). From the 
Ds bn gut P: of DER we might say that conformity with linguistic 

nformation ri p P 
pe of the list, ed SIT it is to ieee Hu level of Ge ! 
, Some recent work by J. G. Martin and his associates nstrated that 
Hae lawful word-sequences function as a single e gees associate 
learning tasks (J. G. Martin, and R. L. Jones, Size and structure of grammatii 
units in paired-associate learning at two age levels, J. exp. Psychol, 70, 1965, 
407-411; and J. G. Martin, J. R. Davidson, and M. L. Williams, Grammati 
agreement and set in learning at two age levels, ibid., 70, 1965, 570-574). 
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relationships between those 'items' (isolated words or linguistic fragments) which 
cannot be ordered according to conventional linguistic rules.” 

Certain logical implications of these assumptions are immediately testable, in 
terms of the data already reported (Fig. 2). 


Y-intercept. In a serial anticipatory task, performance on the second 
anticipatory trial is, in effect, a test of that learning which took place on 
the first trial of anticipated learning. If, during the first trial on antici- 
pated learning, S learned only those relationships which do, in fact, con- 
form to the rules of the language, while he does not learn any relationships 
which do not conform to those rules, then, on the second trial he should 
not be able to correctly anticipate the initial item of any subunit of the list, 

* but, given that initial item, should be able to correctly anticipate all of the 
remaining items in that subunit, 

This conclusion leads to a very specific mathematical prediction: viz, that the 
proportion of items correctly anticipated on the second trial of relearning should be 
expressed by the formula P; = Z(y, — 1)/N where P, = proportion correct 
after first trial of anticipation; N = total number of items in the list; mı = the 
number of items in the i-th subunit of the list; and summation takes place over 
all such subunits. The following list compares the expected and observed values of 


P, for each level of unity of the interpolated list. P 
Level of unity Expected Observed 
Low 38.8% 39.6% 
Intermediate 50.0% 50.0% 
High 94.4% 99.2% 


The closeness of the observed to the expected values gives some support to the 
validity of the underlying assumptions, and suggests the potential value of a 
parametric study devoted specifically to exploration of number of functional subunits 
as a factor in serial learning. 


Slope of the learning curves. The virtual identity of the slopes of the 
learning curves for the Jow and the intermediate unity conditions suggests 
that once the effects of division of the list into functionally autonomous 


"Protocols of the Ss, taken after the completion of relearning, UAR 
these nonlinguistic relationships which they formed between units of the list took 
9n one of three forms: (a) similarity in sound or appearance of the word itself 
(e.g. for the pair yesterday-yards, one S reported that he recalled them, "because 
oth began with the letter Y"); (b) quasi-linguistic transformation et for the 
Sequence fifty-yards-this-fellow-yesterday-in-the-last-race-ran, another said, "The way 
someone with a foreign accent would say it."); and (c) similarity of meaning (e.g. 
for the sequence yesterday-tomorrow, still another $ said, "They Rath fetes to the 
same thing"), These three categories are here only meant to be illustrative. They 
O not, by any means, exhaust the types of nonlinguistic relationships which the 5s 
may form between units, 
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subunits has been achieved, the relationships between these subunits ate 
learned at about the same rate for both lists. This implies that the proc- 
esses involved in learning the unstructured remainder of the list may be 
very similar in both cases, regardless of the nature or number of the 
linguistically structured subunits already formed. This observation lends 
credence to Assumptions 3 and 4, above. Since, on the other hand, by 
Assumptions 1 and 2, the high unity list consists of but a single functional 
unit which includes all 18 iterhs, it is not surprising that such a single 
unit should require but a single trial for learning. Given this assumption, 
the difference in slope between the Ligh unity and the two lower unities 
follows directly from the upperbound nature of the learning curve. 

In summary, this analysis suggests that two different types of processes 
may be involved in learning serial lists of conventional words. The first 
is involved in learning those word sequences which are consonant with 
the linguistic rules of the conventional language. These sequences are 
learned immediately, on the first trial of anticipated learning, and func- 
tion as individual 'items' for purposes of subsequent learning. The second 
process involved is the learning of those sequences of items which do not 
conform to the conventional linguistic rules, Learning these sequences in- 
volves a gradual process in which $ attempts to form (discover or invent) 
ad hoc, idiosyncratic rules which will aid him in determining the order in 
which these items should occur. It should be noted that, in addition to 
having to form such ad hoc rules of ordering, $ must also be able to re- 
member which of these rules applies to which particular sequence of 
items—a task which may be assumed to involve no small effort when the 
rules themselves are often highly arbitrary in nature. 

Functional unity and memory interference. "The data for the relationship 
between functional unity and memory interference, taken in the context 
of the foregoing analysis of the process of interpolated learning itself, 
suggests that the primary factor influencing amount of retroactive interfer- 
ence in these studies may be a process factor rather than either a structure 
factor or a content factor. » 

A process factor is one which is specifically associated with the ac/ or 
process by which a set of material is learned. The data of interpolated 
learning itself suggests that two such processes were operative in the 
present case: a process of learning the telationships between elements 
within a linguistic fragment, and a process of learning the relationship be- 
tweeen the linguistic fragments themselves, The first process was shown to 
be virtually complete by the end of the second trial of interpolated learn- 
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ing; the second process was assumed to progress gradually over the re- 
maining trials of interpolated learning. Finally, it will be recalled that the 
list with bigh unity was assumed to be learned by the first process alone, 
while the lists with intermediate and the low unity were assumed to be 
learned by a combination of the two processes. 

Approached from this point of view, a comparison of the data from in- 
terpolated learning (Fig. 2) with that of interference (Fig. 1) suggests 
that the distinction between these two processes may be a partial explana- 
tion memory interference itself. Three characteristics of the interference 
data are particularly relevant here. 


(1) After only two practices on the interpolated list, there is no significant dif- 
ference between conditions in terms of the amount of interference generated: all 
conditions generated about 13% RI. At the same time, two practices on the inter- 
polated list resulted in the greatest discrepancy between level of unity in terms 
of ‘degree of learning’ the interpolated materials. This suggests that in the present 
experiment, degree of interpolated learning per se, is not the most critical factor 
in determining amount of RI under this two trial condition. On the other hand, if 
we assume, as we did above, that the first trials of interpolated learning are, under 
all conditions, devoted solely (or at least predominantly) to the learning of the 
telationships within linguistic fragments, then we may tentatively hypothesize that 
the process of learning word sequences by forming them inte linguistic fragments 
results in a certain fixed amount of retroactive interference with original learning, 
regardless of the number of such fragments which constitute the list. 

(2) Under the intermediate and low conditions of unity, retroactive interference 
increases as a function of repeated practices on the interpolated list, while under the 
high condition of unity interference remains invariant over successive practices on 
the interpolated list. Since the list of Aigh unity consisted solely of linguistically 
regular relationships, the result for this condition follows directly from and adds 
empirical support to the constancy of the effect of learning linguistic relationships 
ber se, The lists of intermediate and low unity consisted of a mixture of linguistic 
and nonlinguistic fragments. It was previously assumed that the linguistic relation- 
ships themselves were learned in the initial trial(s) of interpolated learning, while 
the remaining trials of interpolated learning were devoted to the formation and 
learning of ad hoc, idiosyncratic, and arbitrary relationships between the linguistic 
fragments themselves. In terms of memory-interference, this analysis suggests the 
following tentative generalization: the process of learning word sequences by forming 
ad hoc, arbitrary, and idiosyncratic relationships between them results in a degree 
of memory interference which increases at a rate approximately equal to the rate 
at which these relationships themselves are formed. The close parallel in the slopes 
of the curves for learning and the interference for the three levels of functional 
unity of the interpolated list add empirical support to this hypothesis. 

These two hypotheses also provide us with a means for accounting for the 
consistent Jack of difference in the rate of interference between the intermedi- 
ate and low unity conditions, despite the consistent difference between these con- 
ditions in terms of degree of learning on last trial of interpolated learning. For if 
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learning according to linguistic rules results in a fixed amount of interference, 
regardless of the number of units formed, then the interference-curves for all levels 
of functional unity should have approximately the same Y-intercept. If, on the other 
hand, the progress of interference is proportionate to the rate at which the non- 
linguistic relationships are learned, and if the progress of nonlinguistic learning 
is independent of the number of linguistic units which must be so related, then 
the slopes of the interference-curves for these two conditions must be virtually 
identical. Since both the identity of the slopes and the identity of the intercepts 
must be the same, the identity of the two curves may thus be accounted for in their 
entirety. | 

Given these assumptions concerning the differential effects of the two learning 
processes, the question that remains to be answered is wby the learning of linguis- 
tically regular units should take only a single trial and result in a fixed amount 
of interference, while the learning of arbitrary relationships between units should 
take a number of trials and result in progressively increasing interference? While 
an answer to this question is not, at present possible, certain directions of solution 
seem quite attractive. 

With regard to learning of the serial list itself, it seems quite apparent that the 
learning of those sequences which do in fact conform to the semantic and syntactic 
tules of the language, is primarily a recognitive task—j.e. one of recognizing that a 
particular sequence is, in fact, an instance to which some subset of these rules 
applies. Since, in addition, these linguistic rules are so well known to our Ss, we 
may assume that to a large extent the act of recognition and utilization is virtually 
instantaneous and automatic, requiring little active, intentional processing. With 
regard to memory-interference, it may be assumed that because the rules them- 
selves are part of and derivable from a supra-ordinate functionally integrated system 
of such rules (namely, the language) these rules and the instances to which they 
apply have a high degree of stability in the cognitive structure of the $. In addition 
since application of these rules results in the formation of word sequences which 
either completely or partially fulfill the primary function of language; namely, that 
of conveying the meaning of the sequence, the meaning supra-ordinate functions of a 
particular word-sequence Provides a cognitive cohesiveness and stability to that 
Sequence which serves to reduce the Probability that the elements of that sequence 
will be either subject to or the source of memory interference with respect to 
adjacently learned. materials, 


ad oc and arbitrary rules may be assumed to have quite contrary characteristics. 
First, the rules themselves, thus formed, are not systematically derivable from any 
supra-ordinate system of rules already familiar to S. Likewise there do not exist 


ordinate functions which will confer cohesiveness upon that particular structure, the 
items themselves may be assumed to be readily separable from each other, hence 
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readily subject to and readily available as a source of memory interference with ad- 
jacent memory structures, 

Some logical implications of this analysis. The assumption of two proc- 
esses, which forms the foundations of this analysis, as well as some of the 
specific hypotheses relating to learning and memory-interference, generated 
particular experimental hypotheses directly amenable to independent ex- 
perimental evaluation. Some of these currently under investigation are the 
following: " 

(1) The initial advantage of lists of intermediate over the low unity during 


the initial practice on the interpolated list, should result in (a) the intermediate 
list reaching a learning asymptote sooner than the /ow lists (despite the parallel 


* slopes in the present series of studies); and (b) the intermediate list reaching a 


lower interference asymptote than the Jow list during the recall-test. 

(2) The error-curves of serial position for the mixed linguistic and nonlinguistic 
lists should be scalloped in form such that (a) errors are maximal in the vicinity 
of those items which are at the boundary between linguistic fragments, and (b) 
errors should be minimal between items within each linguistic fragment. 

(3) Adding to the number of words within any linguistic fragment should have 
relatively little effect upon either learning or the interference curves of serial lists, 
if the additional items are placed in such a position as to be linguistically consistent 
with the already existing items in that fragment. Li 

(4) Adding to the number of linguistic fragments should have a significant effect 
upon both the Y-intercept of the learning curve for that list and upon the asymptote 
of its interference curve. 

Other hypotheses, as well, might be generated from the current set of assumptions. 
Those described above, however, are currently under investigation, and will be the 
Subject of subsequent reports. 


SuMMARY AND CONCLUSIONS 


A paradigm of serial anticipation of retroactive interference was used 
to investigate rate of learning and amount of retroactive interference as a 
function of level of functional unity of the interpolated list and amount 
of practice on the interpolated task, in a 3 X 3 factorial design. Stimulus- 
lists were composed of conventional English words. Unity of the inter- 
polated list was manipulated by varying the degree to which the serial 
ordering of items within segments of the lists was consistent with the 
semantic and syntactic rules of the language. While the results of these 
Studies raise series of questions as to the role of degree of interpolated 
learning, per se, in retroactive interference, a parsimonious explanation of 
these findings can be achieved by assuming that learning a serial list 
of conventional words involves two distinct types of processes: a linguis- 
lic process and a nonlinguistic process. The linguistic process consists of 
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applying the known rules of the language to those sequences of 
whose order is consistent with these rules. The nonlinguistic process à 
sists of discovering or inventing rules of relating sequences of 
whose order does not conform with the linguistic rules. The distin 
between linguistic and nonlinguistic processes manifests itself during 
the interpolated learning and the recall-test of retroactive interference 

This interpretation is based upon certain specific hypotheses conc 
the operation of linguistic and nonlinguistic processes in learning 
memory-interference. Each of these suggested hypotheses is amenabl 
an independent experimental evaluation in subsequent studies of 
problem, 


THE EFFECT OF IMAGINED ANCHORS ON 
ADAPTATION-LEVEL 


By Peter A. Macano, The Northern Illinois University 


The image as a concept in psychology has undergone a long and varied 
history. After holding a certral position in early philosophical thought, it 
became of prime concern in psychology at the turn of the last century. 
Introspection was then its chief method of study. Because this method 
yielded very different results in different laboratories, it became suspect. 
During the behavioristic period which followed, the concept of the image 
was itself denied. 

Since the period of rabid behaviorism, interest in the concept has been 
revived. The experimental methods and designs used by the investigators 
indicate, however, that the concept is still ambiguous. 


Researches concerned with studying the effect of drive-states on perception have 
employed, for example, the concept to describe the experimental situation in 
which the subject (S) gives his impression of what an aml stimulus-object 
"looks like." S in this situation does not respond to an internal representation of 
a stimulus which is no longer present but rather to a definite external stimulus in 
which characteristics are related to a known stimulus. Lazarus, Yousem, and 
Arenberg elaborate on this distinction in their conception of two images: one is 
oriented toward imagination and the other toward the stimulus? For the purposes 
of the present paper, this distinction is mainly of historical interest although it 
helps clarify the image being investigated here, which is the image oriented 
toward imagination. 

Another approach to the study of the image has been through sensory con- 
ditioning^ Although the response indicating recognition of the image has varied 
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from a motor response to a verbal report, all suffer from the same difficulty. It is 
never known if $ actually imaged unconditioned stimulus (US) or only reported 
imaging it. Considering the usual unreliability of verbal report, the possibility of 
response bias is enough to question the conclusion of a conditioned image. 

Still another approach has been through the use of conditioning under hyp- 
nosis* In addition to the criticism of the studies on sensory conditioning, the 
method suffers from the possibility that the verbal report of imagery cannot be 
taken at face value because of the tendency for a hypnotized $ to rationalize 
strange behavior after hypnosis. 

A potential method of demonstrating images and of comparing their effects with 
those of real stimuli lies in the use of the adaptation-level. Images should have an 
effect upon the adaptation-level comparable to that obtained by presentations of the 
actual stimulus, That such a technique might work has been suggested by Volkman.* 
He found that Ss instructed to "hold an anchor-stimulus in mind" when making 
judgments showed a shift in their scale of judgments similar to that made by 5s 
whose judgments were made with an anchor being present! 


A study of images by means of anchoring effects or changes in adapta- 
tion-level has advantages over earlier methods. The effects of the image 
would be more subtle and indirect and would not require 5 to give a direct 
verbal report concerning its presence or absence. Thus, S would be less 
susceptible to suggestion or to deliberate attempts to comply with the E's 
requests. In addition, it would afford a quantitative assessment or compari- 
son with the effects of a real stimulus. 

In this situation, the inference of the image occurs when S's earlier 
judgments are compared with judgments to the same stimulus-values after 
S was directed to image an anchor. 5 does not directly report the experienc- 
ing of an image as in previous studies but rather the image is inferred 
because of a change in the scale of absolute judgment. The shift therefore 
is considered a function of the image, just as a shift with a presented 
anchor is considered a function of this anchor. 

The first experiment reported below will compare the effects of an 
imagined anchor and an actual anchor on a scale of absolute judgment. 
The second experiment will ask if the shift in the scale of absolute 
judgment, associated with either an imagined or perceived anchor, is 
due to a change in the use of fesponse-categories or in the perceived size 
of the constant stimulus-objects, 


* Clarence Leuba, Images as conditioned sensations exp. Psychol., 26, 1940, 
Rr H. D. Scott, Hypnosis and the conditioned Ed if M Psychol. 4, 1930, 
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EXPERIMENT I 


In Experiment I, we investigated the effects of an imagined and 
actual anchor on absolute judgments, and compared them with the results 
of a control group which did not use an anchor of any type. 


Procedure. 'The experimental task was the absolute judgment of 12 circles 
varying in diameter in a geometric progression from 0.6 to 7.0 in, Three groups 
of Ss were employed: an anchor-; an image-; and a control-group. The Ss served 
individually. All were given an initial practice session during which 12 judgments 
were made of each of the 12 circles. The judgmental categories were: "very 
small"; "small"; "medium"; "large"; and "very large." The circles were presented 
in random order with the restriction that each stimulus-size occurred once in each 

_ of the 12 presentations. Within each set of 12 stimulus-objects there were three 
blank spaces at which time no stimulus or light was projected. These blanks were 
presented randomly during each set of 12 stimuli. During the test-trials the imaged 
anchor or the objective anchor, depending upon the experimental group employed, 
was presented. 

Each stimulus-object was presented for 3 sec. followed by an interval of 1 sec. 
during which the stimulus was changed. S's judgment was made during the 3-sec. 
period while the stimulus appeared. After the training trials a 3-min, break was 
taken when the anchor-stimulus was presented to all groups for 3 min. 

Instructions, During this break the control Ss were given the following directions: 


We will take a 3-min, rest-period. After this interval we shall continue the same 
task. I will leave this practice circle on during the break. ‘This circle will not be 
shown during the rest of the trials. It is just a practice circle, We will continue 
doing the same thing we have been doing. Keep looking straight ahead. 


The directions given to the anchor-group were as follows: 


We will take a 3-min. rest-period, after which we shall continue doing the what 
we have been doing. The circle you now see presented on the screen will also 
be included with the other circles to be judged. I'm showing it now so you won't 
be surprised when you see it among the other circles. Just judge this one as you 
did the others, Any questions? Keep looking straight ahead. 


The image-group were instructed as follows: 


This is a 3-min, rest-period. After this interval we shall continue the same task 
except every few trials instead of showing you a circle I wish you to imagine the 
one that is now on the wall. This is called the practice circle, Notice it is a little 
larger than a long-play phonograph record. Do you know what I mean by a long- 
play phonograph record? Now I want you to picture this practice circle in your 
mind. In other words, imagine it. Imagine this circle now. Can you do this? [If the 
answer is no, E asks him to do the best he can.] Try and get a mental picture of it. 
Remember that sometimes no circle appeared on the wall? Now, every few trials 
when no circle appears on the wall try and picture this circle in your mind. Do this 
only when no circle appears. Otherwise, continue answering in the same manner as 
we have been doing. That is, give a judgment out loud to all the circles that appear 
on the wall. Also give a judgment to the one you imagine. Remember to try and 
imagine the circle as best you can. You want the circle you imagine to be like this 
circle now on the wall—the one I said was a little larger than a long-play phono- 
Staph record. Are there any questions? Remember, when a blank appears, you 
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imagine the practice circle here and you give an answer as you did to the other 
presented circles, Are you ready? 

During the time when the two blanks appeared at the beginning of the test-series 
the Ss in this group were told, "Now imagine the practice circle." 

At the termination of the 3-min, break, the test-trials began. The procedure 
during the test-trials was the same as during the training-trials except that the 
anchor-group had the anchoring stimulus inserted in the previously blank slots 
and the image-group carried out the instructions to image the anchot-stimulus 
during these blank trials. 

To provide some converging operations on the concept of the image in this 


experiment, two measures were employed. The first was obtained by using a group i 
of alcoholics who had experienced visual hallucinations while undergoing delirium ^ 


tremens as contrasted with another group of alcoholics who had undergone DTs 
but had no visual hallucinations. A second measure was the score on the visual 
tasks from the Wechsler-Bellevue memory-scale. This scale was administered to 
all the Ss upon completion of the testseries of judgments, using the standard 
procedure of administration. 

Apparatus. "The stimuli were presented by means of the Bell and Howell 
robomatic projector and timer. The stimuli were constructed of 1/16 of an inch 
thick sheets of aluminum made into 2 X 2 slides with a hole drilled in the 
center to yield the different projected stimulus-sizes. 

Subjects. The Ss were 36 men, patients at the Kankakee State Mental Hospital, 


who cartied the diagnosis of chronic alcoholism or sociopathic personality asso- — 


ciated with alcoholism. All were within the age-range of 25-50 yr. Furthermore, 
all of them had a history of having experienced delirium tremens. They were 
further classified upon the basis of their visual hallucinations during those at- 
tacks. From the 36 Ss meeting these criteria, two subgroups of 6 Ss each—6 
with visual hallucinations and 6 without—were selected for each of the 3 ex- 
perimental groups: (1) anchor presented; (2) anchor-imaged; and (3) no anchor. 
Thus, we had a total of 6 groups of 6 Ss each. 

Results. Before comparing the results of the three experimental groups 
and the subgroups of visual and nonvisual hallucinators on the test-judg- 
ments an examination was made of the practice judgments to insure 
comparability actoss groups. By Converting the judgmental scale into the 
numbers one through five and averaging each S’s judgments to each 
stimulus-object, a modified four-way analysis of variance was performed 
on the data (treatment groups, hallucinators-nonhallucinators, stimulus- 


objects, and individuals). No appreciable differences were found on any : 


of the comparisons for the practice judgments. 

The same analysis was then applied to the test-judgments. For them 
the main effect due to the different treatments was significant well beyond 
the 0.01 level (F = 13.30, df 2/30), as was also the main effect for 
stimuli (F — 605.67, 4f 11/330) and the treatment X stimuli interaction 
(F = 3.37, df 22/330). None of the other effects or interactions approached 
significance, 
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A comparison of the means of the different treatments indicated that, as 
expected, both presented and imagined-anchor groups differed significantly 
at the 0.05 level from the control group (¢ = 2.56, t = 2.37, respectively), 
but not from each other. The 'treatment'-groups compared here are the 
combination of the visual and nonvisual hallucinatory subgroups for 
each experimental condition. It seemed justifiable to combine them since 
the hallucinating-nonhallucinating factor and its interactions did not ap- 
proach significance. . 

The nature of the significant effects is apparent in Fig. 1 where we have 
plotted the average judgment by stimulus for each of the three experi- 
mental groups. In this figure, the visual and nonvisual hallucinators have 
also been combined. 

The curves for the anchor and the image groups are indistinguishable 
from each other although clearly different from the control group. The 
nature of the significant interaction that was found between treatments and 
stimuli is clearly revealed. The effect of an anchor, whether real or 
imagined, is predominantly based upon the judgments of the larger stimuli 
in the series, There is little or no detectable effect of the anchor upon the 
judgments of the three smaller stimuli in the series. 

While the above results show that the effect of dù imagined anchor 
is as great as one that is actually present, there was no indication in our 
data of a relationship between our two measures of $s' imagery ability 
and the amount of change in the judgmental scale due to the presentation 
of the imaged anchor. There was no evidence that either a history of 
visual hallucinations or scores on the Wechsler memory scale will predict 
or show relation to the effectiveness of an imagined anchor upon judg- 
mental responses, This was revealed in the above analysis by our failure 
to obtain a main effect of visual-hallucinators vs. nonhallucinators or 
any significant interaction involving that factor. Also the scores on the 
visual portion of the Wechsler memory scale failed to correlate with a 
judgmental shift. 


Discussion. "The results of this experiment are quite clear in demon- 
strating that instructing S to image a stimulus is quite similar to present- 
ing the actual stimulus. How we interpret this result, however, depends 
upon the interpretation given to adaptation-level effects in general. If, 
as it is sometimes assumed, adaptation-effects reflect a change in S’s per- 
ception of stimuli, then the present experimental result would be rather 
convincing evidence of the effect of images and would suggest this 
method as a fruitful one for their investigation. 
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"There is, however, some questions as to whether adaptation-level really re 
changes in perception. Instead they may be a function of the way in wl 
uses different categories of response. In keeping with the distinction drawn b 
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included in the judgments made room for it by dropping stimuli from the other 
categories down into the next smaller category. If Ss in the present experiment were 
merely adjusting their response categories to take into account a larger stimulus, then 
the present results have nothing to tell us about the nature of images. For both the 
image and the anchor groups, knowledge that a larger stimulus had to be included 
in the judged series could result in essentially the same judgmental shifts for the 
regular stimuli in the series. 

Helson has shown awareness of this problem as to whether it is perception that 
has changed or merely the way S uses response categories.’ He has not, however, 
suggested a way of answering the problem other than to suggest that these alternative 
interpretations can be ruled out by appropriate converging operations, A set of 
converging operations which would allow us to rule out a response interpretation 
would have to separate the changes in the response-system from the changes in the 

. Ss perceptions. 


EXPERIMENT II 


We have attempted to separate the perceptual system from the response- 
system by an experiment in which one group of Ss is presented the 
anchoring stimulus in their test-judgments and required to judge it 
whereas a second group is presented the anchoring stimulus but is not 
instructed to judge it. A third control group would not be presented 
with an anchor and, therefore, would not be required fo make allowance 
for it in their judgments. This experiment will allow us to determine 
whether or not the presentation of a nonjudged stimulus-affects the per- 
ceived size and judgment of the other stimuli in the series. If, in this 
experiment, it is found that the nonjudging group do not differ from 
the control group it would indicate that the results in our first experiment 
cannot be attributed to the presence of an image exerting an effect upon 
the adaptation-level. 

Procedure. Three experimental groups were employed; (1) a judged anchor. 
group, (2) a presented but nonjudged anchor-group, and (3) a control group. All 
&roups were given the training used in Experiment I. During the test-trials, the 
judged anchor-group was presented the anchor-stimulus during the test-judgments 
at the same intervals and with the same frequency as the first group but was in- 
structed not to make a judgrfent. The control group did not receive the anchoring 
stimulus during the test-judgments. 

Instructions. The directions were the same as those of the first experiment for 
the control and judged anchor-groups, however, the nonjudging group was given 
the following different directions: 


We will take a 3-min. rest-period. After this interval we shall continue the same 
task. The circle you now see poen on the screen will also, however, be included 

' Harry Helson, Adaptation-level theory, in Sigmund Koch (ed.), Psychology: A 
Study of a Science, Vol. I, 1959, 565-621. 
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with the other circles. This circle, however, is not to be judged. When you see the 
circle appear, look at it but do not judge its size as you did with the other circles, 
So that I know you see it, say something like ‘practice’ or ‘see it.’ In summary, judge 
all the circles you have seen except this one which you'll just notify me that you 
see it. Any questions? 


Subjects. The Ss were 21 men and women undergraduate students enrolled in 
the elementary psychology. They were randomly assigned to each of three groups 
counterbalanced for sex. 


Results, The five judgmental categories were converted into a numerical 
scale by giving them values of one through five, respectively. For each $ 
the 12 judgmental scores to each stimulus obtained in the first series of 
judgments were summed, as were also the 12 scores to each stimulus in the 
test-series of judgments. 

A difference-score was obtained between the sum of training trials 
minus the sum of the test-trials. This difference-score was then summed 
over three blocks of four stimuli each in the following stimulus-order: 
Stimuli 1-4, 5-8, and 9-12. Thus, each $ had three final difference-scores 
which were the sum of the differences between training and test-trials for 
three blocks of four stimuli each. 

The data were analyzed in terms of difference-scores rather than analyzing 
the test-trials separately, as was done in the first experiment, to achieve 
à more precise measurement of the shift in the scale, 

The first analysis was done using all the stimulus-blocks and treat- 
ments. From previous studies, it was expected that there would occur an 
interaction between stimuli and treatments with only the stimuli closest to 
the anchor being shifted. This experiment would predict that if the shift 
in the scale is a matter of rearranging response categories, only the judged 
anchor-group would be affected by the anchor. "Therefore, the only cell 
in this nine-cell table which should be significantly different is that one 
which contains the largest four stimuli o£ the judged-anchor group. 

An over-all two-way analysis of variance (stimuli x treatments) was 
performed. As predicted, treatments and the interaction between stimuli 
and treatments were significant beyond the 0.01 level (F — 8.22, df = 
2/19; F = 20.77, df = 4/38, respectively). Due to the fact that the 
variances of the treatment-groups indicated possible heterogeneity and also 
Since the Ns were small, it seemed advisable to test for homogeneity 
of vatiance before progressing to the analysis of variance of each block of 
stimuli.5 The Hartley test for homogeneity was used. For the largest four 


5 Sa F ndgnist, Design and Analysis of Experiments in Psychology and Education, 
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stimuli (9-12), which had the greatest between-groups difference in 
variance, there was obtained an F of 4.73 which led to an acceptance of 
the null hypothesis at the 0.5 level of significance. 

A simple two-way analysis of variance (experimental conditions x Ss) 
was then done on each block of difference-scores. For the largest four 
stimuli (9-12), the experimental effect was significant (F = 15.88, df = 
2/18, p < 0.01) but for the other two groups of stimuli (1-4, 5-8), 
there were no significant differences between experimental conditions. 

To test the difference between means, the mean square for within-treat- 
ments was not used because of the large differences in variance. The usual 
t-test for equal Ns was employed for samples with possible unequal 


* vatiances.? 


The treatment effect was significant (¢ = 2.45, p < 0.05) in the pre- 
dicted direction as the nonjudged-anchor group did not differ from the 
control group but both control and nonjudged-anchor groups did differ 
from the judged-anchor group (t = 3.62, t = 2.64 respectively). 

In considering the relation between stimulus-size and the judgment of 
stimulus-size, the judgments of the control and the nonjudged-anchor- 
groups increased in a linear fashion as the stimulus-size increased. For 
the judged-anchor condition this occurs until approximately the ninth 
stimulus, when the rate of increase is reduced for the remaining stimuli. 
The judged anchor therefore has its strongest effect on the judgments 
of stimuli closest to the anchor in size and less effect as the stimuli 
decrease in size. Only the largest four stimuli had to be significantly 
shifted from their previous judgment categories in order to fit the anchor 
into the scale. The smaller stimuli are not displaced by the down-shifted 
stimuli because the displaced stimuli, which were previously placed in the 
category now occupied by the anchor, seem to be absorbed by the neighbor- 
ing categories. This effect has constantly accompanied research using this 
method and illustrates why the middle and small blocks did not exhibit 
significant differences.° The results of the first experiment also showed 
that the larger stimuli were affected by the anchor much more than the 
smaller stimuli. The dividing of the stimuli into blocks helped pinpoint 
the anchor effect in regard to where it has its effect on a judgment scale. 


* A. L. Edwards, Experimental Design in Psychological Research, 1960, 106-108. 

* Allen Paducci, Direction of shift in judgments of single stimuli, J. exp. Psychol., 
51, 1956, 169-178; Leo Postman and G. A. Miller, Anchoring of temporal judg- 
ments, this JOURNAL, 58, 1945, 43-53. 
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Discussion and conclusions. The results confirmed our expectation that 
the effect of an anchor on an absolute judgment scale is dependent on 
whether or not it is judged, and the effect of an anchor occurs most 
markedly with those stimuli which are closest to the anchor in size. These 
results seem best explained in terms of S shifting his response categories 
in order to insert the anchor, and indicate that it is the response system 
which is affected by an anchor rather than an inner state of perception or 
imagery. $ 

Studying anchoring effects on a subjective scale and then inferring a 
perceptual process from the results has to be done with an awareness of 
the possible bias which could arise in the response system. After seeing or, 
in fact, "imaging" an anchor, the $ has to make one of a limited number 
of responses. Before the response is considered a reflection of an inner 
state, other converging operations have to be performed. 

The second experiment is just one test of an alternate hypothesis con- 
cerning the inference of a “inner state” in this experimental design. As 
can be seen from the results, the alternate hypothesis tends to explain 
results in terms of the response system. Therefore, predictions from A-L 
theory which have been successfully applied to this method must be pre- 
dicting a manipulation of responses. 


SUMMARY 


same effect on a subjective scale of judgment as a presented anchor. 

The second experiment was done to discover if the shift was due to a 
change in Ss perception or to a change in Ss use of the response categories, 
The same design was used except, instead of using an imaged anchor, one 


SEPARATION OF POSITIVE AND NEGATIVE 
REINFORCING SYSTEMS IN THE 
DIENCEPHALON OF THE RAT 


By D. L. ManGULES, Wyeth Laboratories 


There are practical and theoretical reasons for allowing rats to terminate 
as well as to initiate the same brain-stimulus. From the practical point 
of view, the technique makes it possible to assess both the positive and 
: negative reinforcing effects of an electrode, and it provides two measures 
of the strength of each effect—rate of responding and duration (latency). 
Furthermore, the procedure allows the opportunity to see if rats will 
maximize the duration of positive stimulation. Preliminary work sug- 
gests that in some cases they will, but further testing, especially at high 
levels of current, is necessary. 


From the theoretical point of view, the observation that a rat will turn off the 
same stimulus that it turns on raises questions of interpretation. First, does the rat 
turn off the stimulus because it is aversive, or for some other reason (e.g. adapta- 
tion). Secondly, does the sequential change in reinforcement-value, whether due to 
punishment or otherwise, occur within a single, initially rewarding, system (one- 
system theory) or does it result from the coincidental stimulation of a second 
system (two-system theory)? Roberts has favored the punishment-interpretation, 
considering both sequential change in a single system and overlapping stimulation 
of two systems as possible explanations. Bower arid Miller also have favored the 
punishment-explanation, but have not discussed whether one or two systems are 
involved.* Olds, Travis, and Schwing have taken the position that negative reinforce- 
ment—deriving either from boundary-placements between the two systems or from 


Received for prior publication February 15, 1966. 
. N. E. Miller, Objective techniques for studying motivational effects of drugs on 
ERR in Silvio Garattini and Vittorio Ghetti (eds.), Psychotrophic Drugs, 1957, 
*D. A. Brodie, J. L. Malis, O. M. Moreno, and J. J. Boren, Nonreversibility of 
the appetitive characteristics Of intracranial stimulation, Amer. T Pbysiol., 199, 1960, 
707-709; William Hodos, The nonaversive properties of long durations of rewarding 
brain stimulation, Amer. Psychologist, 18, 1963, 437. 1 4 x 
Larry Stein, Án analysis of stimulus-duration preference in self-stimulation of 
the brain, J. comp. physiol. Psychol., 55, 1962, 405-414. EM 
W. W. Roberts, Both rewarding and punishing effects from stimulation of 
UAE AEN hypothalamus of cat with same electrode at same intensity, jbid., 51, 1958, 
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* G. H. Bower and N. E. Miller, Rewarding and punishing effects from stimulating 
the same place in the rat's brain, ibid., 51, 1958, 669-674. 3 
James Olds and M. E. Olds, The mechanisms of voluntary behavior, In R. G. 
Heath (ed.), The Role of Pleasure in Behavior, 1964, 23-53. 
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nuclei which synapse with the two systems,—motivates turning-off behavior, 
Stein has presented several lines of evidence supporting the coincidental and pro- 
gressive activation of a second punishment-system in the diencephalon and, in 
addition, has introduced the idea that adaptation may play a role, especially in the 
forebrain.’ Valenstein and Valenstein have reported that every self-stimulating rat 
they tested would learn to turn off the brain-stimulus in a duration test? This 
evidence seems to provide strong support for the one-system punishment-theory, 
which predicts that all positive electrodes will eventually also produce negative — 
reinforcing effects, but the same authors go on to raise a number of critical questions 
about the punishment-assumption. 


The objective of the present study was to determine duration-preferences at a 
variety of diencephalic sites. The experiment is similar to that of Valenstein and 
Valenstein except that the electrodes were not preselected on the basis of a self- 
stimulation test, 


MeTHop 


Subjects, electrodes, and stimulus-parameters. A stainless-steel, bipolar electrode 
was stereotaxically implanted in each of 40 male albino rats of the Holtzman 
strain. The electrodes were 0.01 in. in diameter and Formvar-insulated except at 
the cross-section of the tips. The target-areas for implantation were the known 
positive, negative, and ambivalent areas of the diencephalon.” 

The electrical brain-stimulus consisted of alternating Square-wave pulse-pairs of 
0.1-m.sec. duration, sqparated by 0.07 msec. and presented at 100 cycles/sec, Current 
was monitored on a cathode-ray oscilloscope and ranged from 50-1200 ga. 

Histology. At the conclusion of the experiments, the rats were sacrificed and 
their brains sectioned at 35 x. to determine electrode-tip locations. Photographs of 
the wet slices permitted accurate location of fiber-tracts in the brain. The area of 
stimulation was assumed to be immediately below the point of deepest penetration 
of the electrode (Fig. 1). 

Apparatus and procedure. The apparatus was a 10 X 20-in. shuttlebox 12 in. 
high, with a lever at each end. The levers were 1 in. wide, mounted 1 in. off the 
floor, and projected 1 in. into the box. Pressing one lever turned the electrical 
brain-stimulus on, and pressing the other turned it off. If the rat did not press the 
‘on’ lever, current was turned on automatically at 150 sec. If the rat did not press to 
turn the stimulus off, it was turned off automatically at 60 sec. Event-pens and 
cumulative timers indicated on and off times. Counters indicated the number of 
initiations, terminations, and automatic on- and off-sets of stimulation. 

Training. The rats were placed in the boxes for one 60-min. session each day. 
No shaping of the lever-pressing response was used in any phase of the experiment. 
Each session except the first one was conducted at one fixed level of current. On 


T " 

James Olds, R. P. Travis, and R. C. Schwi Toi hiccorcutizaHoneen 
hypothalamic self-stimulation function, J, c D8, Topographic orga "32, 
Tien, op, tity 405-414, unction, J. comp. physiol. Psycbol., 53, 1960, 23-3 
. E. S. Valenstein and Thelma Valenstei , Interacti LT ative 

bs s aon ec Ses 145, 1964, 5 vie riy; ian of positive and neg 
. E. and James 5, Å idan: i i halon, 
J. Comp. Neurol, 120, 1963, 259-295. idance analysis of rat diencepl 


POSITIVE AND NEGATIVE REINFORCING SYSTEMS IN THE RAT 207 


this day, the current was raised from 0 to a level which produced, first, any behavioral 
change and, later, lever-pressing. If lever-pressing did not develop, current was 
raised gradually in 100-4a. steps with at least three days at each new current-level. 
Of the 40 Ss, 14 learned to press one or more levers; the remaining 26 Ss tested 


Bl “pure rome 


ron moane” 
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Fic. l. SAGITTAL SECTIONS THROUGH THE RAT-BRAIN SHOWING DEEPEST 
PENETRATION OF ELECTRODES OF THE VARIOUS TYPES 
(The squares penetrate Sed into the hypothalamus than do other symbols. CA, 


anterior commissure; CFV, fornix commissure; CO, optic chiasma; F, fornix; FMP, 
medial forebrain bundle; FMT, mamillothalamic tract; FMTT, mamillotegmental 
tract; FOR, reticular formation; FPVH, periventricular tract; GCC, genu E. 
callosum; HI, hippocampus; Hi, Hs, Forel's field; LM, medical lemniscus; RTI, 
inferior thalamic radiations; RTM, intermediate thalamic 

central gray; SGPV, periventricular central gray; SM, stria medullaris; SUM, supra- 
mamillary decussation; TCC, corpus callosum trunk; TIG, tractus incertotegmentalis; 
TO, optic tract; TOI, olfactory tract; TTS, tectospinal tract; ZI, zona incerta.) 


did not turn the current on or off at any current-level up to 1200 Ha. Some of the 
26 showed no behavioral effects, while others took seizures and were incapacitated 
by the stimulation. No further work was done with these Ss, but typical behavior 
patterns for six of them are reported." 


"ome reasons for the high percentage of discards are: (1) because the electrodes 
were aimed in aa O EIER the botes edge of the hypothalamus, some inevitably 
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corrent-level used in the duration-test was sampled for 8 min. in an ascending: 
series that began at zero. Immediately after the first Series, a second series was. 
given for purposes of replication. 


RESULTS 


Reinforcement-types. The electrodes were divided into four types— 
neutral, positive, mixed, and negative—on the basis of the behavioral pat- 
terns obtained in training (Fig. 2). Of the 40 Ss, 26 had motivationally 
neutral electrodes, while fourteen had motivationally active electrodes 
(either positive, mixed, or negative). Rats with neutral electrodes rarely 
pressed either lever (almost all onsets and offsets of stimulation were auto- 
matic), and their on- and off-durations were close to 100% of cut-off, 
The low frequency of initiation and termination for six of these rats is 
Shown in Table T. 

Five of the 14 ‘active’ rats had positive electrodes. They pressed the on- 
lever with short latency almost every time the stimulus went off auto- 
matically, and rarely pressed the off-lever; thus, the on-durations were 
maximized and the off-durations minimized (Fig. 2). The table shows 
the high frequency of initiation and low frequency of termination. ‘These 
rats exhibited ‘initiation,’ : 

Four rats had mixed electrodes, They alternated between pressing the 


Were misplaced and fell too deep and out of the, brain, while others fell in 
ventricles, in seizure-prone tissue, and even in distant brain areas; (2) the use 
of very high currents and extremely long durations increased the probability that 
the stimulus would be incapacitating, 

This single day of testing for self-stimulation was considered adequate, since 
all rats had Previous experience in pressing levers to regulate duration and ha 
sufficient previous stimulation in the many daily duration-tests to preclude shifti 


reason a low cut-off point of 90 fesponses in 8 min. was used as the threshold-value. 
This cut-off point occurred at the Point of sharp change in slope of responding and 
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on- and off-levers, with low latency on each; thus, both the on- and off- 
durations were minimized (Fig. 2). The high frequency of lever-pressing 
is shown in the table. These rats rarely had either automatic on- or off-sets 
of stimulation. They exhibited what will be called’ ‘alternation.’ 

Five rats had negative electrodes. They pressed the off-lever with low 
latency almost every time the stimulus came on automatically; thus, the 
off-durations were maximized and the on-durations minimized (Fig. 2). 


TABLE I 
FREQUENCY OF INITIATION AND TERMINATION OF BRAIN-STIMULI 
Positive Mixed 
Rat Initiation Termination Rat* Initiation Termination 
1 5 0 6 619 618 
2 55 0 7 330 330 
3 AT 0 8 199 198 
4 55 2 9 411 412 
5 54 1 
Negative Neutral 
Rat Initiation Termination Rat Initiation Termination 
10 1 21 15 
11 3 20 16 34 
12 0 21 17 5 1 
13 1 19 18 1 0 
14 1 22 19 3 2 
20 3 2 


* The current for these rats was 1,000 pa. The current for all other rats was at levels 
of stable effects. 

t The maximal number of possible initiations with no terminations is 59. 

$ The maximal number of possible terminations with no initiations is 23. 


These Ss rarely initiated the brain-stimulus, as is shown in the table. Their 
principal behavior will be called ‘termination.’ 

Currenj-functions. In the current-tests, the five rats with positive 
electrodes maintained initiation at all current-levels between the threshold 
and maximal values. The term ‘pure’ will be used when the electrode 
produces the same pattern of behavior between these values. Fig. 3 shows 
the mean and range of on- and off-durations for these five rats at the 
various current-levels. The four rats with mixed electrodes maintained 
alternation over medium and high current-values, but demonstrated a 
shift to initiation-behavior at lower currents. Fig. 4 shows the mean and 
range of on- and off-durations for these rats and the current-values over 
which both types of behavior occurred. Three of the five rats with negative 
electrodes showed pure ‘termination’ (Fig. 5), but the other two shifted 
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Fio, 2. Mean Day ON- AND OrF-DURATIONS OF BRAIN-STIMULATION 
Four Rats REPRESENTING DIFFERENT REINFORCEMENT TYPES 

Rat 18, neutral arroes mt 3, i poii rat 6, mixed; rat 12, negative. 
consecutive days penap are shown. Means are expre: ressed as percentages of 
maximal m available, je. 60, sec. for on-durations and 150 sec. for 
jurations, 
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to "initiation" at lower currents (Fig. 6). One of the latter also demon- 
strated a second shift to alternation at highest currents. This particular rat 
showed all three behavior-patterns: 'initiation' at low current, 'termination' 
at medium current, and ‘alternation’ at high current, 

Self-stimulation thresholds. Fig. 7 shows the thresholds for self-stimula- 
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Fic, 4. MrAN ON- AND Orr-DURATIONS FoR Four Mixin 
ELECTR 


JODES 
N = 2 at 150 and 250 pa. 
Cross-hatched areas indicate the range of means. 


tion compared to those obtained for initiation. (The term ‘threshold’ is 
used to indicate the lowest current tested which was above an arbitrarily 
Set cut-off point in an ascending current-series; for self-stimulation, the 
cut-off point was 90 responses in 8 min.; for initiation, it was a mean 
off-time of 17 sec.). All rats with purely positive electrodes self-stimulated, 
and their self-stimulation thresholds ranged 200-1000 pa. higher than their 
initiation thresholds. Three of the four rats with mixed electrodes self- 
stimulated, and their self-stimulation thresholds ranged 50-200 pa. higher 
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than their initiation thresholds. The fourth rat with a mixed electrode 
before it could be teved on sel “stimulation, None of the three rats 
purely negative electrodes selfstmulsted, but the rat with the 
shifting Ao-eegative electrode (00. 11) did. The other rit with this 
of electrode. died before it could be tested on selí-stimulation 
Mistelogy. All Éve purely positive electrodes were located partly 
the ventral. portion of the medial forebrain bundle and at less than 
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milister fram the bese of the brain (see the squares in Fig 1). 
waned, negetive, duinin ves kd domiy i 
points [end to peabar purely 

tinctly deeper thua all other points, purely positive points alio tended to 
mort lateral thas mont other points. Mixed electrodes were found o6 
boundary between. the thalas sad the hypothalamus; three were 
within the seus of the mumillodulumic tract, and the fourth wat 
extremely meda) placement erat the posterior hypothalamic noceat 
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dlas, the second, mainly within the central and the tind, en 
the bender of the thalamus and the ‘The two oder 
eftong typ electrodes aho were located on the thalumichypethalumic 
tender, sot they could not be distinguished anatomically from the mined. 
shocrode placements 
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in their two-lever duration study.'? The fact that these electrodes tend to 
produce self-stimulation only at high current-levels may account for their 
failure. If Valenstein and Valenstein preselected low-threshold self- 
stimulation rats, they may have excluded the more difficult to train, 
high-threshold, pure positives from their sample. 

It may be speculated that thresholds for self-stimulation were higher 
with purely positive electrodes because the long durations of stimulation 
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Fic. 7. THRESHOLDS FOR SELF-STIMULATION AND INITIATION 


Each pair of bars gives the threshold in microamps for one rat on both tests. 
Criteria for the cut-off points of the thresholds are given in the text. 


served to damage tissue around the electrode. Progressive tissue-destruction 
seems unlikely as an explanation, since initiation-latencies did not in- 
crease over testing sessions, but rather decreased. A more likely explana- 
tion for the poor self-stimulation performance of pure positives is that 
the 0.3-sec. fixed trains were too brief to maintain lever-pressing. Purely 
positive electrodes probably are located so deeply that they not only 
exclude most negative reinforcing systems, but also substantial parts of 
the positive system as well. An increase in the duration of training would 


“Valenstein and Valenstein, op. cit, 1456-1458. 
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be expected to enhance self-stimulation, possibly by temporal summation. 
In an unpublished study, Stein found that an increase from 0.5-0.75 sec. 
was sufficient to raise the number of self-stimulation responses on a 
fixed-interval program significantly above chance-levels. 

Negative reinforcement appears to be involved with mixed electrodes, 
and the amount is critical—i.e. just enough to produce termination without 
much reducing initiation. If it were less, the rat would remain an initia- 
tion-animal; if more, it would become 2 termination-animal. Stein has 
postulated two mechanisms which could result in the delicate balance 
involved in alternation. In the case of diencephalic electrodes, he assumes 
that preferences for short-train durations are largely to be attributed to 

* the progressive activation of a negative system; in the forebrain, he con- 
siders adaptation of the positive system most important." There are several 
reasons for assuming progressive activation of negative systems in the 
diencephalon. First, in this region there are negative systems present near 
the positive, especially in border thalamic-hypothalamic-central-gray areas. 
Secondly, lowering the current produces in alteration-rats, initiation rather 
than the subthreshold effects which would be expected if adaptation were 
involved. Finally, Stein has shown that barbiturates which selectively block 
the suppressive effects of punishment?* markedly increase the brain-stimulus 
duration." 

Rats that show alternation have low thresholds for self-stimulation; 
in fact, these thresholds are close to those for the initiation-component of 
their duration-regulating behavior. One explanation may be that the 
negatively-reinforcing component of the stimulation is coincidental and 
due to the use of a large electrode in a small hypothalamus. For optimal 
stimulation of the positive system and the maintenance of lever-pressing 
for short durations, it may be necessary to place the electrode so high 
in the positive system that it stimulates a part of the negative system as 
well, particularly in long durations. It is also possible, however, that the 
negative system may contribute in some way to the positive-reinforcement 
effects (e.g. by rebound)? 

The three rats that showed termination suggest that purely negative 
electrodes produce reinforcing effects that are predominantly negative 


“Stein, op. cit, 405-414. 

^N. E. Miller, Motivational effects of brain stimulation and drugs, Fed. Proc, 
19, 1960, 846-854; Irving Geller and Joseph Seifter, The effects of meprobamate, 

tbiturates, d-amphetamine and promazine on experimentally induced conflict in 
the rat, Psychopharmacologia, 1, 1960, 482-492. 
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at all testable suprathreshold current-levels. These rats did not self-stimu- 
late. Their electrodes were located in the thalamus and in the central 
gray of the tegmentum. Their termination-behavior occurred at low thresh- 
olds, and it was not possible to use high levels of current without 
completely disrupting them. At none of the tested current-values was there 
any indication that positively-reinforcing areas were significantly involyed, 
Just as positively reinforcing points were found to be separate from the 
negative, negative ones were found that were Separate from the positive, 


SUMMARY 


Allowing rats to initiate and terminate an electrical brain-stimulus 
separates their electrodes into four reinforcing types: positive, negative, 
mixed, and neutral. Rats with positive electrodes initiate the stimulus 
quickly and rarely terminate it, thus maximizing stimulation; those with 
mixed electrodes alternate between initiating and terminating it; those 
with negative electrodes terminate it quickly and rarely initiate it, thus 
minimizing stimulation; and those with neutral electrodes rarely initiate or 
terminate it, All four types of behavior are seen over wide ranges of current, 
although some rats change types with higher or lower currents. Self- 
stimulation is obtained with both positive and mixed electrodes, but, 
Paradoxically, at much lower current-levels with the mixed, 


A FURTHER COMPARISON OF KEY-PECKING WITH AN 
INGESTIVE TECHNIQUE FOR THE STUDY OF DISCRIMINATIVE 
LEARNING IN PIGEONS 


By R. C. GONZALEZ, BARRY D. BERGER and M. E. BITTERMAN, 
Bryn Mawr College 


In a recent experiment on visual habit-reversal in the pigeon, Stearns 
and Bitterman compared the conventional key-pecking technique for the 
‘study of discriminative learning with a new ingestive technique that 
offers S a choice of grain-magazines rather than a choice of keys. The com- 
parison was prompted by the results of some early experiments with a 
variety of animals which suggested that discriminative learning may be 
particularly rapid when the discriminanda are visually differentiated food- 
objects which S is invited to ingest.? (The negative food-objects of those 
early experiments were saturated with quinine, glued to the substrate, or 
otherwise rendered inedible.) f 

In the key-situation used by Stearns and Bitterman, the pigeon pecked 
at one of two Plexiglas keys illuminated with lights of the colors to be 
discriminated. Correct choice turned off the key-lights and activated a 
Brain-magazine whose aperture was illuminated with white light during 
the reinforcement-period; incorrect choice produced a time-out (TO) in 
darkness. In the magazine-situation, the pigeon attempted to take food 
from one of two grain-magazines whose apertures were illuminated with 
lights of the colors to be discriminated. Insertion of the head into the 
Correct aperture caused the grain-tray to be presented, and the aperture 
remained illuminated during the reinforcement-period; incorrect choice 
produced a TO in darkness. Finding performance in magazine-situation 
to be markedly superior to performance in the key-situation, Stearns and 


* Received for publication April 13, 1965. This research was supported by 
Contract Nonr 2829(01) with the Office of Naval Research and Grant MH-9577 
from the Public Health Service. t 5 
, E. M. Stearns and M. E. Bitterman, A comparison of key-pecking with an 
Teas ennie for the study of discriminative learning in pigeons, this JOURNAL, 
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shes, Publ. Carnegie Ta, Wash. 103, 1908, 257-325; David Katz and Gésa 
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Bitterman considered the possibility that the superiority was due, not t 
the use of an ingestive response, but to the fact that the magazine-animal 
were reinforced in light of the positive color while the key-animals 
reinforced in white light. To test this hypothesis, they trained a coni 
group of key-animals with the magazine-light always the same color a 
the positive key. Finding the performance of these animals to be just ai 
good as the performance of the magazine-animals, they concluded tha 
the ingestive indicator-response afforded no special advantage, 


Object. The principal purpose of the present work was to reéxamin 
this conclusion. To test the hypothesis that the advantage of exposure to 
the positive color during reinforcement in the experiment of Stearns 
Bitterman was great enough to mask a genuine (if less marked) advants 
of the ingestive indicator, we compared the conventional key-technique 
(white magazine-light) with a modified magazine-technique, in which 
color of the positive light was changed to white as soon as 5 inserted ts 
head into the correct aperture, and remained white during the reinfoi 
ment-period. A secondary purpose of the present work was to try to 
determine why the colored magazine-light should be so effective. Thi 
was an indicatidh in some supplementary results of Stearns and Bitterman 
that performance in the key-situation was facilitated, not only when the 
magazine-light was the color of the positive key, but also when it was 
the color of the negative key. This finding suggested that the magazine- 
light might serve a discriminative rather than a reinforcing function. To 
examine this possibility, two key-groups were trained from the outset with 
colored magazine-lights, the color of the positive key for one group and 


the color of the negative key for the other, following which certain further 
tests were made, 


Method: Subjects, The Ss were 52 White Carneaux cocks maintained on a 24-ht. 
feeding Schedule that kept them at 75% of their free-feeding weights. They were 
divided at random into 6 groups—4 of 10 Ss each and 2 of 6 Ss each, 

Apparatus, Two different chambers were used, one for key-animals and the 
other for magazine-animals. Each chamber was a’ ventilated picnic-chest divided 
into two compartments by a 


other for equipment. For the key-animals, the panel displayed three Lehigh 
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registered responses, and determined their consequences. Records of the main 
events of each experimental session were made with Gerbrands six-channel event- 
recorders. 

Procedure. After each S was magazine-trained (white light) and trained to peck 
the white CK, the experiment-proper was begun, The animals were trained in daily 
sessions of 40 trials with an intertrial interval (ITI) of 6 sec. in darkness. Each 
trial began with the illumination of the (white) CK. A peck at the CK extinguished 
it and presented the discriminanda (red and green side-keys for the key-animals, 
red and green magazine-apertures for the magazine-animals) whose spatial positions 
varied from trial to trial in accordance with selected Gellermann-orders. For the * 
key-animals, a peck at the correct key turned off the side-key lights and activated 
the grain-magazine for 3 sec, during which time its aperture was illuminated with 
white light (for some animals) or with colored light (for others). For the maga- 
zine-animals, insertion of the head into the correct aperture activated the grain- 
magazine for 2.5 sec., during which time it was illuminated with white light. (The 
reinforcement-period was slightly shorter in the magazine-discrimination because 
the head was already in the aperture of the magazine when the grain-tray was 
brought up and a magazine-S therefore could take more than a key-$ in a constant 
period of time; pilot work showed that the average magazine-S took as much grain 
in 40 2.5-sec. periods as the average key-S took in 40 3-sec. periods.) After each 
reinforcement, the 6-sec. ITI in darkness was initiated. An incorrect choice in each 
case turned off the discriminanda and initiated a 6-sec. TO in darkness, after 
which the CK was turned on and a peck at it produced the discriminanda once 
more. A limited correction procedure was used: no more than six errors (the initial 
error and five repetitive errors) were permitted on each trial. After the sixth error, 
a peck at the CK illuminated only the positive key or the positive magazine (guid- 
ance), and the animal was reinforced for response to it. 

Two groups of 10 Ss each—one in the key-situation and one in the magazine- 

situation—were trained to criterion on a red-green problem and then on a series 
of 26 criterion-reversals, The criterion was six or fewer initial errors in a single 
session with no more than three initial errors in the last 20 trials of the session. 
For half the Ss in each group red was positive, and for the remaining Ss green 
was positive, in the original problem (Reversal 0) and in all even-numbered re- 
versals, Whenever any animal reached the criterion of mastery on a given day, the 
positive and negative colors were reversed on the following day. For the key-group, 
the magazine-light was white during the reinforcement-period, as it was for the 
magazine-group. 
_ Two groups of 10 Ss each—^one in the key-situation and one in the magazine- 
situation—were trained for 97 days exactly as were the two criterion-reversal groups 
except that the positive and negative stimuli were reversed each day irrespective 
of performance. For both groups, the magazine-light was white during the rein- 
forcement-period. Two groups of 6 Ss each also were trained in a series of daily re- 
versals, both in the key-situation; for one (positive magazine) the magazine-light 
on any day was the same color as the positive key on that day, while for the other 
(negative magazine) it was the same color as the negative key. After 35 days, the 
Conditions of training were changed in various ways which are best described in 
Conjunction with the results. 


220 GONZALEZ, BERGER, AND BITTERMAN 


Results and. discussion: Magazine- vs. Key-discrimination. Mean i 
errors to criterion for the two criterion-reversal Broups are plotted in Fi 
The superioriy of the magazine-performance is evident, The point | 
maximal difficulty is lower and occurs earlier in the magazine-group 
in the key-group, and the rate of improvement beyond the point of maxi 
difficulty is greater in the magazine-group than in the key-group. Anal 
of variance yields a significant Groups-Effect (F — 5.81, df — 1/1 
P < 0.05), a significant Reversal-Effect (F — 4.42, df — 25/450, 
< 0.01), and a significant interaction (R= 235, d — 25/450, | 
« 0.01). 

In Fig. 2, two within-reversals learning curves are plotted for 
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Fic. 1. CRITERION-REVERSAL PERFORMANCE IN 
THE KEY- AND MAGAZINE-SITUATIONS 


with the late curve for the key-group. These results suggest that the same - 
processes are responsible for Progressive improvement under the two 
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conditions, but that they simply operate more efficiently under the maga- 
zine-condition. 

In Fig. 3, mean initial errors per day are plotted for the daily-reversal 
groups. Again the curves show superiority of performance in the magazine- 
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Fic. 2. WirHiN-REvERSALS LEARNING EARLY 

(REVERSALS 7-10) AND LATE (REVERSALS 23-26) 

IN THE TRAINING OF THE TWO CRITERION-RE- 
VERSAL GROUPS 


Fic. 3. PERFORMANCE OF THE Four DAtLY-RE- 
VERSAL GROUPS 


situation as compared with the key-situation. Analysis of variance based on 
the data of the two groups trained with the white magazine-light in 96 
reversals yields a significant Groups-Effect (F = 4.69, df = 1/18, p < 
0.05), a significant Reversals-Effect (F = 6.46, df = 95/1710, p < 0.01), 
and a significant interaction (F = 1.40, df = 95/1710, p < 0.01). 
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How is the superiority of the magazine-technique to be accounted for? 
One explanation may lie in the nature of the response. It is conceivable, 
for example, that ingestive responses are under especially precise stimulus- 
control, or that the nonreinforcement of an ingestive response is especially 
productive of frustration. Topographically, the pecking response made to 
the key has much in common with the response to the magazine, and it 
certainly plays an important ingestive role in the extra-experimental life 
of the animal, but its function in the experimental situation is rather 
different, and that may be what matters. It is conceivable also that the 
magazine-response is a more effortful response, and that its greater effort- 
fulness rather than its ingestive function is critical. Graf, Bullock, and 
Bitterman have found that the performance of pigeons in a successive one- 
key color-disctimination can be improved substantially by increasing the 
fesponse-requirement on each trial from one to several pecks? and ana- 
logous results have been obtained by Gonzalez, Bainbridge, and Bitterman 
for the discrimination of an alternating pattern of partial reinforcement 
by rats.* If effortfulness of response is important also in choice-situations, 
it may be possible by introducing a multiple-peck requirement to bring the 
performance of key-animals up to the level of the magazine-animals, or 
even beyond. 

Another possibility is that the superiority of the magazine-technique 
is due to the more immediate reinforcement which it provides. As shown by 
the pilot work on the amount of grain that key- and magazine-animals 
manage to eat with a constant reinforcement-time, and on the difference 
in reinforcement-time necessary to equate the amount of grain taken under 
the two conditions, the delay of primary reinforcement is about half-a- 
second greater in the key-situation than in the magazine-situation, where 
it is essentially zero. A delay of this magnitude does not ordinarily make 
much difficulty because an abundance of ‘secondary reinforcers’ are avail- 
able to fill the gap, but it may be important here because the immediate af- 
ferent consequences of correct and incorrect choice are less different in the 
key-situation than in the magazine-situation. From this point of view, some 
minor changes in the sensory Properties of the key-situation would be 
expected to improve performance. 

The role of the colored magazine-light. As Fig. 3 shows, the per- 


* Virgil Graf, D. H. Bullock, and M. E. Bitterman, Further experiments on 
probability-matching in the pigeon, J. exp. Anal. Behav., 7, 1964, 151-157. 

R. C. Gonzalez, Paul Bainbridge, and M. E. Bitterman, Discrete-trials lever- 
pressing in the rat as a function of pern of reinforcement, effortfulness of response, 
and amount of reward, J. comp. p. ysiol. Psychol., 60, 1966, in press. 
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ance of the key-groups trained with colored magazine-lights was 
edly superior to that of the key-group trained with a white magazine- 
although it made no difference whether the color of the magazine- 
was the same as the color of the positive key or the color of the 
ive key. Analysis of variance based on the data of the three key- 
ps for 35 reversals yields a significant Groups-Effect (F = 9.48, df = 
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Fic. 4. PERFORMANCE IN SUBSEQUENT TESTS OF 
THE Key-ANIMALS WHICH Hap BEEN TRAINED 
WITH MAGAZINE-LIGHT OF THE SAME COLOR AS 
THE POSITIVE AND THE NEGATIVE KEY 
(In the first test, the duration. of the ITI was in- 
creased for two subgroups: In the second test, the 
color of the magazine-light was white for all 
subgroups. Then the original training conditions 
were restored, after which, in the final test, the 
colors of key- and magazine-lights were changed 
from red and green to yellow and blue for all 
subgroups.) 


1/19, p <0.01), a significant Reversals-Effect (F = 8.39, df = 34/646, 
| < 0.01), and a significant interaction (F = 3.72, df = 68/646, p 

0.01). Orthogonal comparisons show a significant difference between 
the group trained with a white magazine-light and the pooled colored-light 
ups (F — 18.12, df = 1/19, p < 0.01), but not between the two 
Colored-light groups (F <1). 

Shown in Fig. 4 is the subsequent performance of the two key-groups 
i 36 (Day 37), 
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(For the A-half of each group, the ITI remained 6 sec.) Because of the 
small N, the matching of subgroups could not be very close, but the first 
Portion of Fig. 4 shows an unmistakable disruption in the performance of 
the B-subgroups, from which there was complete recovery as training con- 
tinued. Analysis of variance yields only a significant ITI-effect (F = 5.33, 
df = 1/8, p < 0.05) and a significant Days-Effect (F — 2.97, df — 24/192, 
P « 0.01). On Days 62-63, the ITI was 6 sec. for all subgroups, but the 
magazine-light was white, and performance was markedly disrupted— 
much more so than by the lengthened ITI. On Days 64-68, the original 
conditions of training were restored for all subgroups (colored magazine- 
lights, positive and negative, with 6 sec. ITI), and performance improved 
precipitously. On Days 69-76, the colors of the key-lights (the dis- 
criminanda) and of the magazine-lights were changed from red and green 
to blue and yellow, Performance was disrupted temporarily, and then it 
improved again. 

The fact that it made no difference whether the magazine-light was the 
same color as the positive or the negative key-light suggests that the maga- 
zine-light played a discriminative rather than a reinforcing róle. The ITI 
was lengthened from 6-30 sec. for two of the subgroups to test the hy- 
pothesis that theoanimals were using the color of the magazine-light on 
any trial as a cue to the choice of key on the following trial. If that were 
the case, the colored-magazine animals might not have been learning to 


color of the magazine-light did indeed have a discriminative function, al- 
though the fact that the performance of the long-ITI subgroups was no 


mental days (see Fig. 3) suggests that the colored-magazine animals had 
learned to reverse. That the improvement with continued training of the 


light was changed to white. The extent of the disruption suggests that 
the animals trained with colored magazine-lights may not, after all, have 


The results for Days 69-76, when the discriminanda were yellow and 
blue, show the color-specificity which was reported also by Stearns and 
Bitterman.5 Another Curious effect which they reported and which is 


* Stearns and Bitterman, op, cit., 48-56, 
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evident also in the present data is for the disruption produced by changes 
in color to be more marked on the second day of the change (the first 
reversal after the change). The effect is especially marked in the present 
data for the change from colored to white magazine-light. These findings, 
like all the others previously considered, are compatible with the con- 
clusion that the colored magazine-light played a discriminative rather 
than a reinforcing róle. 


SUMMARY 


Pigeons were trained in daily and criterion discrimination-reversals, both 
by a key-pecking technique and by a magazine-technique (which offered 
„a choice of differentially illuminated grain-magazines). Magazine-per- 
formance was substantially superior to key-performance. Supplementary 
data on the róle of the magazine-light in the key-situation suggested that 
it served a discriminative rather than a reinforcing function. 


INTENSITY OF THE VOICE AND THE THEORY OF ACTIVATION 


By Constance HANE, University of Oregon Medical School, and 
JOHN F. Corso, State University of New York, Cortland 


Changes in the intensity of an individual's voice during a conversation, 
and the relation of intensity to the concept of activation was the focus of 
this study. Two experiments, the second an expanded replication of the 
first, are reported. 


The concepts of activation, mobilization of energy, and arousal have been 
defined from two positions: the energy of the overt response, and the level of 
energy of an individual about to make a response. Investigators holding the 
former position have recorded magnitude or frequency of peripheral responses and 
sought to determine the lawful correspondence between these records and ordered 
magnitudes of the stimuli presented? Those working within the second framework 
have inferred the presence of a dimension or state of activation from the magnitude 
of both physiological and peripheral responses to ordered magnitudes of incentive 
or deprivation" Commonalities as well as differences in emphasis are apparent in 
the two positions, The present study combines both frameworks. 

The theory of activation states that activity may be inferred to underlie be- 
havior when, under conditions that vary in intensity or in magnitude of stress 
or deprivation, the physiological measure increases linearly while the nonphysio- 
logical, peripheral measure shows a U-shaped function, first increasing and then 
declining. Use of an intensively ordered stimulus judged to be motivating is 
necessary, but it may not be sufficient to Produce the functions hypothesized. In 
this event, stimuli known to increase responding, for example, money, cigarettes, 
Or shock have been added to the initial stimulating condition in order to increase 
the strength of motivation. 

Although the concept of activation has been based primarily upon physiological 
evidence obtained over a tange of incentives and deprivations its predictive 


," Received for publication November 13, 1963. This report is based upon a 
dissertation submitted by the first author in 1961 to the Graduate School of the 
Pennsylvania State University in partial fulfillment of the requirement for the 
Ph.D. degree. 2 

R. B, Malmo, Activation: A neuropsychological dimension, Psychol. Rev.. 66, 

1959, 367-386; Measurement of drive: An unsolved problem REDE Cole in 
M. R. Jones (ed.), Nebraska Symposium on Motivation, 1958, 229-264; D. B. 
Lindsley, Emotion, in S. S. Stevens (ed.), Handbook of Experimental Psychology, 
1951, 473-516; Elizabeth Duffy, The psychological significance of the concept of 
s 2 i A Psychol. Rev., 64, 1957, 265-275. 7 

+ A Courts, Relations between muscular tensi -sychol. 
bul » 1942, ed cular tension and performance, Psyc. 
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power has been suggested for nonphysiological variables, but with somewhat less 
evidence? This relation of a behavioral variable to S's motivation as predicted 
by the theory of activation is the focus of the present study. Only a peripheral 
response was measured, and values obtained for this response were expected to 
assume an inverted U-shape if the conditions specified by the theory were met. In 
such an event, and in the absence of a physiological response measured simultane- 
ously, the evidence would suggest the presence of an activating dimension during 
conversation. 


Using this limited model of the theory of activation, intensity of the 
voice, a peripheral response was studied in relation to an inferred incen- 
tive, a condition involving prediction-of-performance during the experi- 
ment, A second variable commonly present in conversation was then in- 
troduced with the expectation that the two conditions would provide the 
conditions necessary to produce the inverted U-shaped curve hypothesized 
for the dependent variable. 


EXPERIMENT I 


Experiment I was designed to assess the effects of two verbally presented 
conditions on changes in the intensity of the voice, and to evaluate these 
changes in terms of the concept of activation. 

Two conditions were employed: (a) predictions-of; performance by E, 
as a presumed incentive to S during the experiment, were presented at 
three relatively ordered levels of intensity: ‘fail,’ ‘improve,’ and 'succeed;' 
and (b) a definition of the experimental conversation was given as either 
a ‘task’ or a ‘nontask.’ The prediction-of-performance was assumed to be a 
necessary incentive, but perhaps insufficient, to produce the hypothesized 
inverted U-shaped function. 

It was expected that the two conditions, prediction-of-performance 
and the definition-of-task, would produce significant differences in the 
dependent variable, intensity of the voice, and further, that the ‘task’ 
would produce a significantly greater difference in this measure than the 
‘Nontask’ condition. 

Method: Experimental design. To preclude familiarity with E's voice an 
assistant, using a standard “Script for recruiting, obtained 54 men as the Ss from 
freshmen and sophomore classes in an introductory course in psychology." 
level, J. exp. Psychol., 26, 1940, 602-608; R. G. Stennett, The relationship of per- 
formance level to level of arousal, J. exp. Psychol., 54, 1957, 54-61; M. M. Schnore, 
ndividual patterns of Divs Pa activity as a function of task differences and 


degree of arousal, J. exp. Psychol., 28, 1959, 117-118; W. W. Surwillo, Physiological 


a ia muscle-action potentials: EMG gradients, J. exp. Psychol, 52, 1956, 


* Malmo, Anxiety and behavioral arousal, Psychol. Rev, 64, 1957, 276-287. 
Constance Hanf, Intensity of vocal response as a function of vocal and verbal 
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A 2 X 3 factorial design was used to evaluate the hypotheses of the study. Nine 
Ss were assigned randomly to each of the six experimental conditions. 

Experimental conditions, Each S, seated alone in an anechoic chamber, received 
inputs consisting of taped communications previously recorded by E whose taped 
voice served as the unseen second participant in the communication The communi- 
cations were presented through a playback unit consisting of a tape recorder (Wol- 
lensak), an Eico amplifier, and a 15-in. coaxial loudspeaker (Altec). The amplifier 
controlled the sound-pressure level at which the taped communications reached S, £e, 
at.60 + 5 db, to correspond to the standard range for normal conversation. These 
settings were maintained throughout’ the experiment. 

Responses of the Ss to the taped communications were picked up by a carbon 
head microphone (Western Electric), and were recorded on a level recorder 
(Bruel and Kjaer). 

Preéxperimental communication in the laboratory was controlled. The assistant 
used an informal, standard script to get $ to talk easily. S was then seated in the 
chamber, and asked questions to accustom him to hearing his own voice in the 
chamber. His part in the experiment was explained and he was urged to talk 
freely with the unseen E, 

The chamber doors were closed and S$ remained there alone. 

E's communications began the conversation and a timed silence on the tape 
followed each remark or question to allow $ to respond. The pattern for the tapes 
consisted of comments and questions initiated by E, with occasional general 
replies intended to convey the idea that E was interested in and was attending 
to what $ had just Said, such as, "Mm-Hmm"' and "That's interesting.” The Ss 
had not been informed that the communications were taped. 

At the conclusion of the experiment a written task was given as a pretext for 
E to send a written report immediately to each one in the "Fail" condition, in- 
dicating that his performance was better than the prediction communicated to him 
during the experiment. At the end of the experiment, all the Ss were invited to. 
attend conferences to learn the actual purpose and design of the study. y 

Construction of the taped communications. The six tapes were identical in 


such as, “Hello, how does it seem in there all alone?” encouraged the Ss to 
respond; (b) a ‘baseline-period’ for measuring the intensity of S's voice as he 
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these tapes, then, contained only the material specific to one of the six experi- 
mental conditions. Throughout the three experimental periods ‘practice,’ ‘baseline,’ 
and ‘incentive’) variously timed silences of 5 to 30 sec. were spliced into each 
tape. These followed upon E’s comments or questions and provided identical 
time for responding for each S. In the ‘experimental-period’ a timed silence of 45 
sec. was spliced into the tape after each of the 10 topics or questions, The result 
was six tapes identical for the ‘experimental-period’ in verbal content, timing of 
communications, rate of speaking, nuance of E's speech-patterns, intensity of E's 
voice, and in the period of silence provided for S's responses. 


Results. The data of Experiment I consist of relative changes in intensity 
of S's voice. 


Values for this response were obtained in the following manner for both the 


. "baseline'- and the 'experimental-periods. From the graphic record produced by the 


level-recorder, sound-pressure levels were sampled at 1-mm. intervals by reading 


vertically a scale graduated in mm, These were converted to db and averaged for 


each $. Since the experimental interest concerned the deviation from S's own 
baseline, a corrective factor was applied to eliminate negative values. In each 
experiment the largest negative deviation was taken as the corrective factor and 
was added to every deviation in the array, thereby making all numbers positive. 

Bartlett's test for homogeneity of variances indicated that differences between 
the six sample variances could have occurred by chance alone. Accordingly, the 
data were evaluated by an analysis of variance using the method of orthogonal 
polynomials." 


The results of the analysis indicate that only the condition defining the 
task produced a significant difference in the intensity of the voice (p < 
0.05). Overall means for the difference scores were: ‘task,’ 3.16 db; 
‘nontask,’ 2.26 db. Group means for both ‘task’ and ‘nontask’ conditions, 
plotted at each level of incentive are shown in Fig. 1. 

The inverted, U-shaped function assumed by the three means in the 
‘task’ suggested the possibility that an increase in the number of experi- 
mental verbal conditions might produce significant changes in the intensity 
of the voice. 

EXPERIMENT II 


Experiment II essentially replicated Experiment I and introduced two 
additional variables into the conversation. The ‘incentive'- and "task'- 
conditions were retained as the variables of major theoretical interest, To 
these were added (a) intensity of E's voice presented at two levels: ‘high’ 
and ‘low’; and (b) verbal reinforcements presented at two levels: ‘sup- 
portive' and ‘critical,’ The intensity of E's voice could be ordered on an 


“A. L. Edwards, Experi ign i chological Research, 1960, 229-232; 
E. C. Le Cle Mes ee par e dl analysis is of variance and multiple 


comparisons, Agric, Res. Serv, ARS-20-3, 1957, 6-13. 
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absolute scale of physical intensity while the two levels of the verbal 
forcement were considered to represent well-separated points on a 
tinuum of criticism-praise. 

Tt was expected: (1) that the intensity of E's voice and the verbal 
forcement would each produce significant changes in intensity of 
voice; (2) that the ‘high’ level of the intensity of E's voice would p 
significantly greater differences in intensity of the voice than would 
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levels of verbal reinforcement, "supportive," and.'critical'; and (4) that 
interaction of the three conditions (intensity of E's voice, verbal reinf 


Method: Experimental design. Following the Procedures used in Experiment 
108 men were obtained to serve as Ss. They were assigned randomly to 
conditions of the experiment using a 2 x 3 X 2 factorial design. 

Experimental conditions. These were identical to those described in Experi 
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1 with the exception that only the ‘task’ condition was used. The preéxperimental 
procedures. were also identical to those used in Experiment I. 

To obtain a specific level of intensity for E's voice, and to indicate to the Ss that 
microphonic adjustments were made, E randomly turned the volume-dial at the 
beginning of each experimental period and then brought it to one of two points 
previously calibrated; either to 13 db above or 15 db below the level (60 3: 5 db) 
at which it had previously been presented, 

Verbal reinforcements were introduced after $ had responded to Discussion 
Topics 2, 4, 7, and 9, An example of one supportive comment used was, "Lots of 
people find it hard to talk out loud and right off the cuff," while, "You seem to 
find it hard to talk out loud and right off the cuff," was considered to be its 
more critical counterpart. 

Procedures identical to those used in Experiment I were employed in 
Il, Although there were 12 experimental conditions, only 6 spliced tapes were 
` necessary since amplifier adjustments controlled the remaining 6 experimental 
conditions, 


Results, Bartlett's test for homogeneity of variances was applied to the 
12 sample variances and the results indicated that the differences between 
the variances could have occurred by chance alone. An analysis of variance 
using the method of orthogonal polynomials was then performed to evalu- 
ate four of the five expectations. 

Of the three variables manipulated, only the main eff€cts produced by the 
variable intensity of E's voice, ‘high,’ and ‘low,’ reached statistical signifi- 
cance (p < 0.001). Over-all means for the corrected difference scores for 
the two levels of this variable were: "high, 15.74 db; ‘low,’ 10.99 db. 

The first-order, interaction-effects of theoretical interest were not sta- 
tistically significant, je. the interaction of the three levels of the incentive 
with the variable intensity of E's voice and with the verbal reinforcements. 
The significant interaction between the intensity of E's voice and the verbal 
reinforcements (p < 0.05) could not be evaluated within the paradigm 
of activation, because this interaction did not meet a requirement of the 
theoretical model, i.e, the inclusion of at least three ordered levels of an 
incentive or stress condition. 

The significance of the,second-order interaction (p < 0.01) and of its 
quadratic component (p < 0.01) did, however, permit further examina- 
tion of the functions produced by specific combinations of the variables. 
Over-all means, using corrected difference-scores for the combined var- 
iables at cach incentive level were: ‘fail,’ 69.9 db; ‘improve, 80.2 db; and 
‘succeed,’ 83.3 db. When plotted, these over-all values did not result in 
the expected inverted U-shaped function, 

Group means for each level of the significant first-order interaction in- 
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volving intensity of E's voice and verbal reinforcements were then plotted 
in relation to the three levels of incentive. Only one of the four possible 
combinations shown in Fig. 2 assumed an inverted U-shaped function; 
namely, the combination of intensity of E's voice ‘high,’ verbal reinforce. 


High Crit 

a > 3.0 
LI] oS > 
Qs 

3S 2.5 
M High Support 
ES 
Uu ow 2.0 B 
Q 8 Low Support 
xn & 
KS 1.5 
M 
HQ B 
= = 1.0 Low Crit. 
es 
= SS 


FAIL IMPROVE SUCCEED | 
INCENTIVES 


FIG. 2. CHANGES IN INTENSITY OF THE VOICE AS A FUNCTION OF THE 
COMBINED CONDITIONS INTENSITY OF E's Voice AND VERBAL 
REINFORCEMENTS AT EACH LEVEL OF INCENTIVE 


ment ‘supportive,’ and the three levels of incentive, ‘fail,’ ‘improve,’ and 
‘succeed,’ 
Discussion 


incentive conditions ‘fail,’ ‘improve,’ and ‘succeed.’ Group means plotted for 
specific levels of the remaining conditions contributing to the second-order inter- I 
action are presented in Fig. 2. They show similar but not inverted U-shaped y 


Several explanations of these essentially negative findings are apparent. Re- 
stricting the independent variables to those common to spoken conversation, may 
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have obscured effects which would otherwise be reflected in intensity of the voice— 
such nonverbal incentive conditions as money rewards, shock or competition might 
have been more successful. There may have been other actual changes in the 
voice that were not recorded. Furthermore, since the experimental design did not 
provide for simultaneous measurement of a physiological and peripheral re- 
sponse during the conversation, no strong theoretically-based conclusion could be 
reached for intensity of the voice without such physiological measures, Lastly, 
since Experiment I did show that labeling subsequent events as 'task' produced 
an effect upon intensity of the voice of the participants in the conversation, it 
seems reasonable to suggest that had this varitble replaced prediction-of-performance 
as the incentive in Experiment II, the effects on intensity of the voice might have 
approximated the theoretical prediction. 


5, seated alone in an anechoic chamber, conversed through a head micro- 
phone with an unseen person, E, who led the conversation. Unknown to 
5, all of E's conversation and silences were taped. 

Differences in intensity of the voice during ‘baseline’ and ‘experimental- 
periods’ were evaluated. 

Essentially negative results were obtained for those hypotheses derived 
from the modified paradigm derived from the theory of activation, al- 
though two inverted U-shaped functions did result for particular levels of 
the experimental variables. One non-theoretical finding was that intensity 
of the respondent's voice reflects the intensity of the speaker's voice in a 
structured conversation between two people. 


DISTAL AND PROXIMAL SIZE UNDER 
REDUCED AND NON-REDUCED VIEWING CONDITIONS 


Hiroshi Ono, Stanford University 


Of the many aspects or properties of objects a person can perceive, 
the perception of size has loomed large as a field of investigation, A 
recent review by Epstein, Park and Casey attests to continuing interest in 
this area.’ Early investigations dealt with the Processes by which a person 
perceives the size of an object that accords with its real or distal size. 
There is ample evidence that a person can judge the distal size of an ob- 
ject accurately under favorable conditions. In addition to this ability, he 
can also judge the visual angle subtended by the object, the proximal 
size, with some degree of accuracy when instructed to do so, and under 
restricted viewing conditions.? Thus, one can perceive two attributes or 
properties of the size of objects, and theories on the subject have attempted 
to include both types of perception. 

One early Titereretation of perceived size was an extension of Titchener's context 
theory. Boring characterizes as core in the perception of size the sensory data derived. 
from the size of the retinal image and as context all the sensory data pertaining 
to the distance of the object, as well as the properties of the brain that influence 
perception.’ The perceived size was thought of as the integration of information from 
retinal size and from the context of the retinal image. Later, Boring suggested two 
extreme types of perception, representing in part the results of two observational 
attitudes. These correspond pethaps to Gibson's distinction between the visual field 


* Received for publication March 8, 1965. The author acknowledges the help of 
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and the visual world. But Boring suggests that perceived size in fact falls between 
two extremes. Brunswik, in his probabilistic functionalism, also makes size a func- 
tion of attitude. The perception of visual angle was thought to reflect an analytic 
attitude; whereas the perception of actual size was thought to reflect the realistic 
attitude." 

When two contrasting instructions are given, it is consistently found that different 
size estimations result. However, brief and ambiguous instructions, such as "make 
these objects look alike," lead some Ss to set the variable stimulus close to the 
distal size and lead others to set it close to the proximal size. Thus, it is not clear 
whether one type of perception is preferted or more natural for a person and 
whether there are different preferences in different viewing conditions. 


The purpose of the present study was to investigate which type of 
perception is actually employed by $s under two different viewing con- 
ditions when no specific instructions were given. To investigate this 
problem, a task with learning and transfer sessions was employed which 
required $ to form his own concept of what was necessary. Ss were asked 
to discover the correct association between a number of standard and com- 
parison stimuli. We called the comparison stimulus “correct” for some Ss 
when it had the same measured distal size as the standard stimulus. For 
others we defined the comparison stimulus as ‘correct’ when it had the 
same proximal size as the standard stimulus. Furthermore, we had two 
viewing conditions: a non-reduced condition (normal unrestricted view- 
ing) and a reduced condition (elimination of distance cues). The question 
asked was which response class is easier to learn under each of the two 
viewing conditions? The assumption was that more rapid learning would 
reflect the natural tendency of the perceiver. 


METHOD 


Apparatus and stimuli. The apparatus consisted of a lighted panel, used as a 
standard stimulus, and two sets of black rectangles, used as comparison stimuli. The 
lighted standard panel was located in a 4 X 5V2 X 32-ft. reduction-tunnel. This was 
constructed by draping black cloth over two wires to cover the 32-ft. space. 

The standard was a rectangular field centered at the eye-level of the seated S. 
This was provided by a light-proof box, one side of which was a uniformly illumi- 

P 


“Boring, Visual perception as invariance, Psychol. Rev., 59, 1952, 141148. | 

*Leo Postman and E. C. Tolman, Brunswik's probabilistic functionalism, in S. 
Koch (ed.), Psychology: A Study of a Science, Y, 1959, 502-564. 

* See, for example, Gilinsky, op. cit. 173-192; B. E. Holiday, Die Gróssenkonstanz 
der Sehdinge bei Variation der inneren and äusseren Wahrnehmungsbedingungen, 
Arch. ges. Psychol., 88, 1933, 419-486; Sylvia Klimpfinger, Uber den Einfluss von 


apparent size relations, Brit. J. Psychol., 29, 1938, 91-103; M. R. Sheehan, A study 
Sey consistency in Leonean constancy, Arch. Psychol, 31, 1938 (No. 
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nated milk-glass screen. It was located behind an opening in a flat-black board at the 
end of the tunnel. The size of the standard stimulus was varied by placing a 
rectangular frame in front of the milk-glass, There were five standard stimulus sizes: 
9 X 0.9-cm., 22 X 2.2-cm., 27 X 2.7-cm., 33 X 3.3-cm., and 54 X 5.4-cm. The 
standard stimuli were placed at two distances in the tunnel. 

The comparison-stimulus panels were placed 10 ft. to the left of $, A panel 
consisted of 13 black rectangles pasted on an 80 X 100-cm. white background. The 
bases of the rectangles were at the same level, and the sizes were randomly ordered, 
The two panels differed in that the rectangles were in a different random order. 
Below each rectangle was a letter of the alphabet, starting with 'A' on the left 
and ending with 'M' on the right. The sizes of the comparison-stimuli on each of the 
panels were chosen as follows: five were the same size as the five standard stimuli; 
five were half the size of the standard stimuli (e.g. half of the 9 x 0.9-cm. 
rectangle was 4.5 X 0.45-cm.); and five were one-third the size of the standard 
stimuli. When duplicates were eliminated, there were altogether 12 comparison- 
stimuli. To make less obvious the Sap between the 54 X 5.4-cm. and the 33 X 3.3-cm, 
stimulus, a 44 X 4.4-cm. stimulus was added. Thus, there were 13 comparison 
stimuli. Each of the stimuli, except the 44 x 4.4-cm. rectangle, was classified as 
‘correct’ under one or more of the experimental conditions, The comparison-stimuli 
were presented without restriction in viewing for all the experimental conditions, 


Procedures. When S was seated in front of the tunnel, the following instructions 


were given: i 


Instructions. The purpose of this experiment is to find out how students learn to 
associate two things. This is how we shall proceed: We will show you a vertical 


For half of the Ss the lighted standard stimulus was first placed in the tunnel 
at 20 ft.; for the other half it was first placed at 30 ft. A trial began when E opened 
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White noise was present throughout the experiment in order to mask any sounds 
E might make while changing the standard stimulus. 

After the transfer sessions were finished, each S was asked to estimate from 
memory the distances of the two locations used for the standard stimulus. Then he 
was asked to describe how he solved the problem. 

Four experimental conditions were employed, as follows: In the nonreduced-distal 
(NR-D) condition, $ viewed the standard stimulus through the large aperture with 
binocular regard. The cloth on one side of the tunnel was lifted up and two or 
three lights were visible on the tunnel floor, two when the standard was at 20 ft. 
and three when the standard stimulus was at 30 ft. Under this condition, the cor- 
rect response was defined as the distal or objective size. 

In the non-reduced-proximal (NR-P) condition, $ viewed the standard stimulus 
under the same open conditions, but the correct response was now defined as the 
proximal, that is, the retinal stimulus-size. For example, when the standard stimulus 
was 9 X 0.9-cm. at 20 ft., the correct answer was the 4.5 X 0.45-cm., stimulus on 
the comparison stimulus panel (same visual angle). 

In the reduced-distal (R-D) condition, the cloth was draped on both sides of the 
tunnel, and the only light in the tunnel was from the standard stimulus, $ viewed 
the standard stimulus through the very small aperture with monocular regard. The 
Correct response was defined as the distal size. 

In the reduced-proximal (R-P) condition, the viewing condition was the same 
as in the R-D condition, and the correct response was the proximal stimulus size. 


Subjects. Forty-nine Stanford undergraduates (41 men and 8 women) participated ` 
in the experiment as part of the introductory psychology course. All Ss were naive, 
The ratio of men to women was the same for the four conditions, Except for this 
restriction, the Ss were randomly assigned to the experimental conditions. One $ in 
the R-D condition was dropped from the analysis because he did not meet the 
criterion of learning in the learning session after one hour. After eliminating this 5, 
there were 12 Ss in each condition. 


Experimenters. Two students at Stanford University served as Es. They were not 
naive concerning the purpose of the experiment, A graduate student, man, changed 
the standard stimulus when he received a signal and an undergraduate, woman, read 
the instructions, recorded the S’s responses, and asked questions after the experi- 
ment. 

RESULTS AND DISCUSSION 

The main results were the number of errors made before meeting cri- 
terion. For each condition, the data obtained from the Ss who started with 
the standard at 20 ft. were combined with those with standard at 30 ft. 
The same was done for the data from the transfer session. Fig. 1 repre- 
Sents the cumulative errors made after each two blocks of trials for 
the four experimental conditions in the learning and transfer sessions. 
Each point represents the cumulative number of errors made by 12 Ss on 
10 trials in the two blocks added to the errors made in previous blocks, 
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One should note that the ordinate applies to both the learning and the trans- 
fer sessions. The last point on each line represents the total number of 
errors for each experimental condition. The last point also represents 


T T T T |ui T T I ERIS 
Learning Session Transfer Session 
500|- oe -= 
Danner 

400} e—9o Ng-D 
2 9—9 wR-P 
$ OO R-D 
& p Qad p.p 
$ 300} F J 
= 
3 

On 

č 200f- / - oo il 
EARUM ^ 
3 de rm 

100 }- -Jr- 

got 
LLL ee eee oq sip f 
1-2 34 7-6 T-B 9-10 1-12 D-4 1546 17-18 1-2 3-4 5-6 7-8 9-10 
BLOCK OF TRIALS 


FiG, 1. CUMULATIVE ERRORS AS A FUNCTION OF BLOCK TRIALS FOR 
THE FOUR EXPERIMENTAL CONDITIONS 


TABLE I 
AVERAGE NUMBER OF ERRORS FOR LEARNING AND TRANSFER TRIALS 
Non-Reduced Condition Reduced Condition 
NR-D NR-p Significance pp Rp Sinica d 
Learning x 13.75 36.00 U=19 38.83 27.00 nS. 
Trials p<.002 
S 86.75 490.91 F=5,658 277.97 256.91 n.s. 
p<.02 
Transfer R — 5.67 1483 p.35 17.8 — 6.50 U=11.5 
Trials p<.02 2 p< .002 
S 22.79 109.70 F=4,813 40.33 20.27 n.s. 
5«.02 


the block of trials prior to the one on which the slowest learner in 
that particular condition met the criterion of no errors. One should 
not, however, attribute a great deal of significance to this value because 
it is the result of data from only a few Ss. 

The mean number of errors per 5 and the variance in each condition 
are shown in Table I, with relevant statistical comparisons. The emphasis 
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is upon the comparison of the distal and proximal conditions. The vari- 
ance in the NR-P condition was significantly greater than the variance in 
the NR-D condition in both the learning and the transfer sessions, Because 
of this, a non-parametric test (the Mann-Whitney U Test) was used to 
compare the central values. í 

Examination shows that in the non-reduced condition the Ss learned to 
respond with the correct distal size more easily than with the correct 
proximal size. The $s and the NR-D condition made fewer errors com- 
pared to those in the NR-P condition. The direction of the difference was 
found to be the same for both the learning and the transfer sessions, and 
both differences of the NR-D and the NR-P conditions were statistically 
significant. 

The results from the reduced conditions were contrary to those of 
the non-reduced conditions. The Ss found it easier to associate the proxi- 
mal sizes of the standard and comparison stimuli than their distal sizes. 
The Ss in the R-P condition tended to make fewer errors than those in the 
R-D condition in both the learning and the transfer sessions. Although 
the difference between the mean number of errors in these two conditions 
for both sessions was in the same direction, only the difference in the 
transfer session was statistically significant. 


Our interpretation of the significant difference between the NR-D and the NR-P 
conditions is that it is the natural tendency of the Ss to judge the distal size rather 
than the proximal size under normal unrestricted viewing. That is, a person tends 
to pay attention to the distal size rather than to the proximal size of an object; thus, 
the Ss learned with fewer errors under the NR-D condition. In support of this, 
examination of the Ss’ errors under the NR-P condition showed that the errors tended 
to be in the direction of the distal size. Also, post-experimental interviews with the 
Ss showed that most of them, under the NR-P condition, did not try to match the 
visual angle to solve the problem. Most of them estimated the distal size and then 
attempted to solve the problem by rote learning. 

It is thought that these differential tendencies were due to past experience, In 
the normal life of a human being the chance of being reinforced for judging the 
proximal size is very rare indeed—unless one is being trained as an introspective 
psychologist or an artist. Thus, it is reasonable to expect that the Ss would tend 
to estimate the distal size rather than the proximal size under normal viewing 
conditions, 

At this point the limited generality of these findings should be noted. The 
distances employed in this study were from 10 to 30 ft., and at greater distances 
Our conclusions may not hold. As a matter of fact, Gilinsky's study, which in- 
cluded distances between 100 and 4000 ft. suggests that a person tends not to 
estimate the distal size at greater distances." Her Ss reported that they made the 


"Gilinsky, op. cit., 173-192. 
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or small, quite apart from its objectively seen size." Their main contention is 
that under reduced conditions perceived size is not a product of an $'s attempt to 
estimate the distal size, 


view and wete based on memory. Thus, it is possible that the perceived distances 
during the experimental sessions might have been different from their later 


* Irvin Rock and William McDermott, Th i i Acta Psy- 
chol, 22, 196, Od e perception of visual angle, Acta Psy: 
R. S. Woodworth and Harold Schlosberg, Experimental Psychology, 1954, 481; 
Epstein, Park, and Casey, op, cit, 491-514; Hans Wate and v. McKenna, On 
Size-perception in the absence of cues for distance, this JOURNAL, 73, 1960, 458-460. 
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interview, most of the Ss in the R-P condition reported that they were trying to 
match the "sizes" of the standard- and comparison-stimuli, but left a clear im. 
pression that they had no idea of a distinction between the visual field and the 
visual world, or between proximal and distal sizes, Using verbal report as an 
index of their phenomenal experience, one cannot say that the phenomenal 
experiences of size under the reduced and non-reduced conditions were different. 
Tt is thought that, without a specialized language system such as the one used by 
psychologists, describing the phenomenal experience of retinal size would be difficult. 
Possibly the phenomenal experience of retinal size is hard to attain without the 
specialized language system. 


SUMMARY 


The purpose of the experiment was to investigate whether there was 
a tendency to judge more readily distal or proximal size under reduced 
and non-reduced viewing conditions when no specific instructions were 
given. A task requiring $ to form his own concept of the stimulus vari- 
able was employed. There were four experimental conditions. In the non- 
teduced-distal (NR-D) condition, $ viewed the standard with binocular 
regard and with distance cues. $ was required to associate the distal size 
Of standard and comparison stimuli. In the non-reduced-proximal (NR-P) 
condition, $ viewed the standard stimulus with binocular regard, and his 
‘task was to associate the proximal sizes. In the reduced-distal (R-D) 
Condition, $ viewed the standard stimulus under restricted viewing condi- 
tions with monocular regard and his task was the same as in the NR-D 
Condition. In the reduced-proximal (R-P) condition, the viewing condi- 
tion was the same as in the R-D condition and S's task was to associate the 
roximal sizes. 
_ It was found that under the non-reduced condition the Ss learned to 
associate the distal size more easily than the proximal size. This was 
thought to be due to the natural tendency of Ss to respond to the distal 
Size rather than the proximal size under normal unrestricted viewing con- 
ditions. Under the reduced conditions, the Ss tended to associate more 
Tapidly the proximal sizes of the standard and comparison stimuli, It is 
a that $ acquired or maintained retinal attitude under reduced condi- 

ons, 


SOME EFFECTS OF PARTIAL REINFORCEMENT WITH SHOCK 
ON CLASSICALLY CONDITIONED HEART-RATE IN DOGS 


By RonznRT D. FITZGERALD, University of Oregon Medical School 


Experiments on classical conditioning in infrahuman Ss often have failed 
to show a difference in resistance to extinction after partial as compared 
with consistent reinforcement. Where the partial-reinforcement effect 
(PRE) has appeared in such experiments, furthermore, it usually has 
taken the form, not of a Treatments-effect but of a Treatments x Trials 
interaction. It is evident that further research is needed to define the 
condition under which the PRE occurs in classical conditioning. The 
purpose of the present work was to extend the study of partial reinforcement 
in classical conditioning to a heart-rate response in dogs. Two experiments 
are reported, one with equated trials and a second with equated reinforce- 
ments. 

METHOD 


Subjects. The Ss were 60 naïve mongrel dogs ranging in weight from 30-40 Ib. 
They were purchased from, and maintained by, the Department of Animal Care of 


* Received for publication April 17, 1965. This research was supported by Grant 
HE 06 336 from the National Heart Institute, Grant GB-2221 from the National 
Science Foundation, and by funds bequeathed to the University of Oregon Medical 
School by Milton E. Kahn. The author is indebted to Professor Judson S. Brown for 
a critical reading of the manuscript and for his assistance in designing the program- 
ming equipment, 
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the University of Oregon Medical School. There were 27 Ss in Experiment I and 33 
in Experiment II. 

Apparatus. The experiments were conducted in a commercially manufactured, 
sound-insulated room. The Ss were restrained in a canvas sling attached to a wooden 
frame similar to the one employed by Church and Black? The CS was a 350-cycle 
tone presented at 80 db. sound-pressure level through a speaker located behind S. 
The US, which was a 9.9 ma., 60-cycle electric shock, was delivered through plate- 
electrodes 1/, in. in diameter that were taped to the rear limbs. The voltage-drop 
across a 100-2 resistor in series with $ was mopitored with an oscilloscope on each 
shock-trial to insure that the amperage of the US remained constant both within and 
between trials, Stainless-steel wires sutured over the rib-cage just behind the front 
limbs served as EKG-electrodes. Recordings of heart-rate and CS-US events were 
made on a polygraph. 

Procedure. 'To reduce struggling during conditioning, all the Ss were given one 
2hr. period of adaptation to the sling on each of three successive days. During 
the final hour of the third day, 60 CS-alone trials at 1-min. intervals were given in 
an effort to habituate the orienting heart-rate response to the tone. Acquisition and 
extinction were studied on the fourth day. During extinction, all trials for all the Ss 
were nonreinforced, After the last extinction-trial, every $ was given one unimpaired 
presentation of the US. The duration of the CS was 13 sec. and that of the US 3 
sec; the CS-US interval was 10 sec, with the US overlapping the final 3 sec. of 
the CS. 

The Ss of Experiment I were assigned randomly to three groups of equal size 
(N = 9)—two experimental groups (100% and 50%) and a backward-con- 
ditioning control. All Ss received 10 CS-alone trials at 1-min. intervals followed 
by 12 acquisition-trials and 30 extinction-trials. In the 100% condition, all acquisi- 
tion-trials were reinforced, while in the 50% condition half were reinforced and 
half were nonreinforced, in Gellermann order. For the backward condition, the us 
preceded the CS by 1 min. on each trial. The intertrial intervals (ITIs) during 
acquisition and extinction varied from 3-4 min. with a mean of 3.5 min. 

In Experiment II there were a 100% group (N = 12), a 50% group (N = 12), 
and a backward-conditioning control group (N = 9). Prior to the start of acquisi- 
tion, all the Ss received 10 CS-alone trials at 1-min. intervals. During acquisition, 
the 50% group received 12 reinforced and 12 nonreinforced trials with the same 
mean ITI (3.5 min.) as in Experiment I. The 100% group was given 12 rein- 
forced trials with ITIs identical to those between reinforced trials in the 5096 
group—the mean (6.5 min.) was about twice as long as for the 100% group of 
Experiment I. The backward-eonditioning control group was treated like the 50% 
Broup except that no forward pairings of the CS and US were given. On half of 
the trials the US preceded the CS by either 45, 60, or 75 sec., and on half of the 
trials no US was presented. In extinction, the mean ITI for the 50% group, for 
the backward group, and for one half of the 100% group was 5.5 min. while for 
the other half of the 100% group it was 6.5 min. The division of the 100% 
Broup was intended to check for the possible effects of changing the ITI from 
Acquisition to extinction. 


ti *R. M. Church and A. H. Black, Latency of the conditioned heart rate as a func- 
ion of the CS-US interval, J. comp. physiol. Psychol., 51, 1958, 478-482. 
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RESULTS 


A measure of conditioning was obtained for each $ by subtracting the 
number of heart-beats during the 10 sec. preceding the onset of the CS 
(Pre-CS) from the number during the 10-sec. CS-US interval. The re- 
sulting difference-score (the CR) was transformed into a beats-per-minute _ 
(b.p.m.) index. The cardiac tesponse to shock (the UR) was measured | 
during a 10-sec. period beginning 1⁄ sec, after the offset of shock. 

The main results of Experiment I are plotted in Fig. 1. At left are 
the acquisition-data in two-trial blocks, beginning with the last two CS- 
alone trials prior to the start of conditioning. Analysis of variance yields a 
significant Treatments-effect (F = 9.88, df — 2/24, p < 0.01) indi- 
cating successful conditioning, and orthogonal comparisons show signifi- 
cant differences between 100% and backward groups (t = 4.23, df = 16, 
p < 0.01) and between 50% and backward groups (7 = 3.19, df = 16, 
p < 0.01). For the 100% and 50% groups, there was a reliable Treat- 
ments X Trials interaction (F — 448, df = 5/80, p < 0.01), but pre- 
CS performance was not significantly different for the three groups. 

Since some struggling is to be expected in conditioning situations like 
the present one and since struggling is known to increase heart-rate, an 
attempt was made to determine if the experimental groups were differ- 
entially affected. To that end, the number of trials upon which muscle- 
action potentials were present in the EKG-tracings during the CS was 
counted. The numbers for the 100%, 50%, and backward groups were 
16 (no. of Ss = 5), 12 (no of Ss = 4), and 2 (no of Ss = 2), respectively. — 
When means were recalculated with these trails eliminated, the acquisition- 
Curves shown in Fig. 1 were lowered on trial-block 3 from 49.5-39.5 b.p.m. 
for the 100% group, and on trial-blocks 5 and 6 combined from 29.2-20 
uie for the 50% group. The other points in the curves were relatively un- 


At the right in Fig. 1 the extinction-performance is plotted in three- 
trial blocks. The curves fail to provide any evidence for the PRE. With 
the exception of trial-block 2, the 100% curve is consistently higher than 
the 50% curve, and it seems to decline at a slower rate. Analysis of 100% 
and 50% data yielded neither a significant Treatments-effect nor à 
significant interaction of Treatments X Trials. During extinction only six 
action-potential trials were scored for the 100% and 50% groups together, 
and their effect was negligible, x 

An analysis of the UR-data indicated that the mean response to shock 
in the 100% group decreased significantly from 160-138 b.p.m. during 
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acquisition (4 for related measures — 2.66, df = 8, p < 0.05). That 
this change was due to CS-US pairings and not simply to habituation is 
suggested by the fact that the URs for the backward group showed es- 
sentially no change during conditioning even though they had received 
the same number of shocks at the same intervals as the 100% group. 
The URs for the 50% group also failed to change appreciably during 
conditioning, but these Ss, of course, received only half the number of USs 
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Fic, 1. RESPONSE TO THE CS DURING ACQUISITION AND EXTINCTION 
IN EXPERIMENT I. 


as did those of the other two groups. On the shock-alone trial following 
extinction, the UR of the 100% group recovered to 165 b.p.m. 

The results of Experiment II are plotted in Fig. 2. The acquisition-curve 
for the 50% group was constructed by averaging over successive blocks 
of two reinforced trials; the values were computed by summing the (CS)- 
(Pre-CS) conditioning-scores over blocks of trials that began and ended 
with a reinforcement, and dividing by the number of trials in the block. 
The 50% and 100% groups are, therefore, matched at each point in 
their curves in terms of total number of reinforcements received. The 
points for the backward group are based on averages over successive blocks 
of two US-CS trials. Plotted at the far left are the mean heart-rates on the 
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last two CS-alone trials prior to the start of conditioning. Inspection of 
Fig. 2 shows that the magnitude of the CR for each of the experimenta] 
groups reached a higher level than that of the backward group. The mean 
CR over all acquisition-trials was 36.8 b.p.m. for the 100% group, 44,9. 
b.p.m., for the 5095 Broup, and 8.63 b.p.m. for the backward group, 
The difference between each experimental group and the backward group 
was significant beyond the 1% level, but the difference between the two 
experimental groups did not approach significance. Heart-rates during the 
Pre-CS interval were not significantly different for the three groups, 
Nonreinforcement produced decrements in the CRs of the 50% Ss 
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during the first half of acquisition but not during the second half of 
acquisition. For the first 12 acquisition-trials, 10 Ss showed a mean loss of 


tion for 100%, 50%, and backward Broups were 13.9% (no. of Ss —6), 
20.8% (no. of Ss = 7) and 0.7% (no. of Ss = 2), respectively. The 
only major effect of Struggling was to inflate the mean CR for the 50% 
group on trial-blocks 3-6. With struggling trials removed at these points, 
the curve for the 50% group falls to the level of the 100% curve. 
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Extinction is plotted for blocks of three trials at the right of Fig. 2. 
(The data for the two subgroups in the 100% condition were combined 
since the intertrial interval did not have a differential effect on their per- 
formance.) Contrary to the results of Experiment I, partial reinforcement 
in this experiment seemed to produce more resistance to extinction than 
did 100% reinforcement. Although both groups began extinction at 
about the same level of response, by the end of extinction the 100% 
curve had fallen close to the level of the backward curve while the 50% 
curve had decreased by only 10.5 b.p.m. Analysis of variance does not, how- 
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FIG. 3. RESPONSE TO THE US IN ACQUISITION AND ON A 
SHOCK-ALONE TRIAL FOLLOWING EXTINCTION IN 
EXPERIMENT II. 


ever, quite yield a significant Treatments-effect (F = 3.14, df = 1/22, 
010 < p > 0.05). The Treatments X Trials interaction is significant 
(F = 2.09, df = 9/198, p < 0.05), as is the Trials-effect (F = 499, 
df = 9/198, p < 0.01). Struggling during extinction was infrequent and 
did not affect the analysis. 

The UR-data for Experiment II are plotted in Fig. 3, which shows that 
the UR for both experimental groups tended to decrease in the course of 
acquisition. This change was highly significant for the 100% group (F = 
538, df = 5/55, p < 0.005) but not for the 50% group (F < 1). The 
UR for the backward Ss changed very little (F < 1) even though they 
received the same number of shocks at the same intervals as the experi- 
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mental Ss. Furthermore, the recovery of the UR in the 100% group ¢ 
the shock-alone trial shown on the far right in Fig. 3 was significan! 
measured in relation to the UR on trial-block 6 of acquisition (7 = 6,84 
df = 11, p < 0.001). These results, which are consistent with those 6 
Experiment I, support the notion that the UR-diminution was somehoy 
contingent upon CS-US pairing. 


Discussion 


Experiment I failed to provide any evidence for the PRE, but the CR 
level in the 50% group at the end of acquisition with strugeling-trial 
removed was quite low. Although substantial conditioning is known ti 
occur with only one or two reinforcements,‘ the combination of six rein- 
forced and six nonreinforced trials was sufficient to establish only a min 
mal amount of CR-strength. In Experiment II, with 12 reinforcements for 
50% as well as for the 100% group, the PRE appeared in the now 
familiar form of a significant Treatments x Trials interaction; although 
the Treatments-effect did not quite reach significance, it seems clear th 
partial reinforcement tended to increase resistance to extinction. 

Since the intertrial interval was rather long, it does not seem plausible 
to deal with these results in terms of sensory carryover ;* nor, since the US 
was noxious, does it seem possible to account for them in terms of frus- 
tration.® An alternative to sensory carryover which does seem plausible: 
here is extinctive carryover; the notion is that the extinction which tends 
to be produced by nonreinforcement in training may itself contribute cer 
tain characteristic components to the training situation, and that the condi- 
tions of training and extinction therefore are more similar for the 50% 
than for the 100% group.’ The concept of punishment also may be use- 
ful in accounting for the present results if extinction is treated as the 
acquisition of response incompatible with the CR; on reinforced trials fol- 
lowing unreinforced trials, the 50% group is punished by the noxious US 
for making such incompatible responses and therefore is less likely to make 
them either in the later stages of training or in extinction. One prediction 
from this view is that US-intensity and percentage of reinforcement will 


$ Church and Black, op. cit., 478-482. 
V. F. Sheffield, Extinction as a function of partial reinforcement and distribution 

of practice, J. exp. Psychol., 39, 1949, 511-526. 
_ * Abram Amsel, The role of frustrative nonreward in noncontinuous reward situa- 
tions, Psychol. Bull., 55, 1958, 102-119. 

URS C. Gonzalez and M. E. Bitterman, Resistance to extinction in the rat as 4 
function of percentage and distribution of reinforcement, J. comp. physiol. Psychol., 
58, 1964, 258-263; Gonzalez, Eskin, and Bitterman, op. cit., 366-375. 
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interact in determining resistance to extinction, the magnitude of the PRE 
increasing with intensity. 

A UR-decrement similar to that found in the 100% groups of these 
experiments has been reported in work with the eyeblink and with the 
GSR,’ but the salivary UR to acid has been found to increase over rein- 
forced trials.” It might be argued that the UR-diminution in the present 
case was simply an example of the operation of the "law of initial values' 
according to which the magnitude of an autonomic reaction to a stimulus 
is an inverse function of the level of autonomic activity preceding the 
stimulus.?? Thus, the development of the CR would make heart-rate high 
just before the US and a diminished UR therefore would be expected. 


. Furthermore, the extinction of the CR preceding the shock-alone trial 


would allow the UR to recover. This ‘law’ would imply a positive correla- 
tion between CR-magnitude and UR-decrement, and, to check on this 
possibility, the UR-decrements from trial-block 1 to trial-block 6 for the 
100% Ss in Experiment II were compared with their mean CRs over 
trial-blocks 4-6. This comparison provided a rank-order correlation-coef- 
ficient of — 0.33, insignificant and in the opposite direction from that 
predicted. Since the 50% Ss reached a CR-level equal to that of the 100% 
Ss, the fact that they did not show a significant UR-dectement also contra- 
dicts this explanation. It is not possible, however, on the basis of these data 
to conclude that the high heart-rate during the CS did not affect the UR. One 
procedure that should minimize such an effect would be to employ a much 
shorter CS-US interval during conditioning, perhaps on the order of 3 sec. 


SUMMARY 


Two classical conditioning experiments ate reported in which the 
effects of random partial reinforcement (shock) on à heart-rate response 
in dogs were studied. With number of trials equated in Experiment I, 
no PRE was found. With number of reinforcements equated in Experi- 
ment II, a PRE appeared in the form of a Treatments x Trials interaction. 
In both experiments, the UR for the 100% group showed a significant 
decrement which did not appear to be simple adaptation to the shock. 


"H, D. Kimmel and H. S. Pennypacker, Conditioned diminution of the uncondi- 
Moped Bue as a function of the number of reinforcements, J. exp. Psychol, 64, 
» 20-23, 
"Fitzgerald, op. cit., 1056-1060. n 
A ? 5. I. Lacey, The evaluation of autonomic responses: Toward a general solution, 
nnal. N.Y. Acad. Scien., 67, 1956, 126. 


THE EFFECT OF VARIATION IN SPECIFIC STIMULI 
ON MEMORY FOR THEIR SUPERORDINATES 


By WiLLIAM Bevan, Kansas State University, WiLLIAM F. DUKES, 
University of California (Davis), and LLovp L. AVANT, 
Kansas’ State University 


One of the widely accepted notions regarding human behavior concerns 
the relationship between repetition—practice, exercise, frequency—and 
retention, Summarized by the cliche, “Practice makes perfect,” the 
general idea was given scientific status by such pioneers as Ebbinghaus 
and Thorndike. Its validity has, of course, not gone unquestioned, Early 
challengers include, among others, Gottschaldt with his data on the 
recognition of hidden forms, Dunlap in his demonstration involving 
“negative practice,"? and, on the basis of results from drawing lines while 
blindfolded, even Thorndike himself? More recently, the generalization 
has been under attack by the protagonists in the one-trial learning contro- 
versy.* 

Dunlap focused on the question of what is repeated; Gottschaldt on where it is 
repeated (the question of context); and Thorndike on bow it is repeated. During 
the past forty years, numbers of investigators have explored various aspects of these 
not-independent questions, especially those treating the effects of changed context at 
the time of recall. Few, if any, investigations have sought to determine the effects 
on memory of varying, in successive presentations, the "what-is-repeated." Essentially 
a problem in memory for classes, the question in its simplest form is: Will one be 
better able to recall x if he has been exposed to the sequence Xas Xa OF Xv, Xm 
rather than to the sequence xa, xs? Will he recall x better if presented x, twice as 
an aspect of ax or bx, than if he experienced ax and bx each once? Some of the 
literature on the effects of varied experience—e.g. that treating early environment 


* Received for publication April 26, 1965. Supported in part by Contract Nont- 
2634(01) between Kansas State University and the Physiolog chology Branch, 
Office of Naval Research. 3 at gf 

." Kurt Gottschaldt, Über den Einfluss der Erfahrung auf die Wahrnehmung von 
Fi n, Psychol. Forsch, 8, 1926, 261-317. 

Knight Dunlap, A revision of the fundamental law of habit formation, Science, 
67 1928, 360-362. 

: E. L. Thorndike, Human Learning, 1931, 8-12, 

Irvin Rock, The role of repetition in associative learning, this JOURNAL, 70, 
1957, 186-193; B. B. Murdock and A. J. Babick, The effect ^j repetition on the re- 
tention of individual words, this Journat, 74, 1961, 596-601; R. B. Evans " 
K. M. Dallenbach, Single-trial learning: A stochastic model for tho Seca of indi- 
vidual words, this JounNar, 78, 1965, 545-556. 
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and later learning" and the evolution of concepts'—suggest that varied presentations 
may be facilitating. The reports of detrimental effects of contextual change at the 
time of recall,’ as well as inferences from some of the work on variability of 
stimulus compounds, might, on the other hand, lead to the opposite conclusion.* 


In an effort to provide some answers to the questions raised above, 
three separate experiments were performed. The first two, ‘qualitative’ in 
the sense of asking "yes" or "no" about the effects of varied experience, 
differ primarily in the type of stimuli used, pictures in the first instance, 
words in the second. The third experiment, essentially quantitative in 
nature, and extending the rationale of the first two, explores the effects of 
different degrees of variation. 


EXPERIMENT I 


Method: (1) Materials. From pictures of two different specimens of 20 easily 
recognizable and identifiable objects (e.g. a red apple was arbitrarily designated 
specimen A, a yellow one, specimen B; a man's shoe, A, a woman's shoe, B, etc.), 
colored slides were prepared, the within-pair sizes of the pictured objects being 
approximately equal. The slides were assembled into. four series, each containing 
two instances of every object as follows: 


Series 1: Slides 1-20: all A-specimens 
Slides 21-40: A specimens repeated for one half ef the slides, B's pre- 
^ sented for the other half. 
Series 2: Slides 1-20: all A-specimens 
Slides 21-40: B specimens of the objects presented as A in slides 21-40 
T of Series 1 and vice versa 
Series 3: Slides 1-20: all B speciments 
Slides 21-40: B specimens repeated for one half of the slides, A presented 
: for the other half. 
Series 4: Slides 1-20: all B specimens ESA 
Slides 21-40: A specimens of the objects presented as B objects in slides 
21-40 of Series 3 and vice versa. 


Within each set the order of presentation of repeated (R) and different (D) 
specimens was balanced: RDDRRDDR or vice versa. No sequences or reversed se- 
quences of objects were duplicated from first to second half of the series, and no 
object appeared in a highly favored or unfavored position for both presentations. 

(2) Procedure. Slides were presented to the Ss in groups by means of a 
Kodak Carousel 35 mm. projector with 2-sec. exposures and 2-sec. intervals between 
slides. The only directions given the Ss before presenting the slides were to alert 


. * W. R. Thompson and Theodore Schaefer, Jr., Early environmental stimulation, 
E Tu XR ES and Sd R. Maddi (e Bases etre Experience, 1961, 92. 
. L. Munn, Introduction to Psychology, 1962, 35 > 

`H. J. Reed, The influence of Haagen conditions upon the amount of recall, 
J. exp. Psychol, 14, 1931, 641; Walter Weiss and Garry Margolius, The effect of 
context stimuli on learning and retention, ibid., 48, 1954, 318-322. 

J. B. Fink and R. M. Patton, Decrement of a jearned drinking response accom- 
Panying changes in several stimulus characteristics, J. comp. physiol. Psychol, 46, 
1953, 23-27; C. E. Noble, The effect of familiarization upon serial verbal learning, 
J. exp. Psychol., 49, 1955, 333-338. 
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them to the fact that they were to participate in a Psychological experiment during 
which they would see, in rapid Succession, pictures of common objects on the 
screen before them, and to request that they not make comments, laugh, or take notes 
while the slides were being shown. 

After the showing of the slides each $ was given a sheet of paper on which 
he was asked to write the names—single words, common nouns—of all objects he 


F 
of duplicated items recalled from the number of varied items recalled— 


Was a highly significant source of vatiance—F (1,104) — 35.6, p< 
0.01— indicating the Superiority in memoty for this type of varied pre- 
sentation over sheer repetition. 


Method: (1) Materials, Instead of pictures, 20 diferent common nouns were 
used as stimulus-objects, Variety was achieved by having different modifiers or 
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(3) Subjects. 'The Ss were members of undergraduate psychology and education 
classes at the University of California, Davis. As before, records were selected ran- 
domly from the largest groups until all four were equal in size (że. 23). 


Results. In scoring, no deviations other than plurals were accepted. 
The number of words recalled by individual Ss varied from 5 to 14, the 


GENERIC STIMULI RECALLED 
s 


.so Delayed Recoll—. 
8.00] 
Á 
-50| / 
700 SS 4,4 3 Week Recall 


AAAA AAAB AABB AABC ABCD 
SPECIMENS PER GENERIC STIMULUS 


Fic. 1. RECALL OF GENERIC STIMULI AS A FUNCTION OF 
THE NUMBER OF SPECIMENS REPRESENTING EACH 
GENERIC STIMULUS 
AAAA, four presentations of a single specimen for each ge- 
netic stimulus; AMAB, three presentations of one and one 
presentation of a second specimen; AABB, two presentations 
of two specimens; AABC, two presentations of one specimen 
and one presentation of two other specimens; and ABCD, 
one presentation of four different specimens. 


mean being 9.11. Difference scores (X varied- duplicated words re- 
called) ranged from —5 to 6, with a mean of 0.54. When the variance 
Was analyzed in the manner indicated above, variety again was a significant 
Source, F (1,92) = 6.29, p < 0.05. 
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[D 


EXPERIMENT III 


Because of the positive effects of variety on memory, the following e perii 
was performed to explore beyond the either-or question by introducing diffe 
degrees of variation. j 


AAAA—Each A-specimen presented 4 times in complete, randomized sets of 2 
AAAB—Each B-specimen presented once for every three presentations of the. 
mens; order of presentation randomized in sets of 20. f 
AABB—Each B-specimen presented twice for every two presentations of th 
specimens. Order randomized in sets of 20. 
AABC—Each A-specimen presented twice, B once, and C once. Order random 
in sets of 20, 
ABCD—Four complete randomized sets of 20, one composed of A-specimens, 
of B-specimens, etc. 


(2) Procedure. The main procedural routine was the same as that in Exp sri 
I, except that 3 min. were allowed for recall. In addition, without prior anno 
d 


TABLE I 
SUMMARY OF AN EUER ANALYSIS CN MxAANCE OF THE DATA OF .— 
EXPERIMENT 
Source ^ df SS MS F 
Series (AAAA, AAAB, etc.) 4 635.60 158.90 12.30 
Linear n 570.64 570.64 44.17 
Non-linear 5 3) 64.96 21.65 1.68 
Ss within series 43 555.56 12.92 " 
Recall 2 346.06 173.00 — 72.00 «4 
(2-4 day) vs (3-week) e 16.67 16.67 6.94 <. 
Immediate vs. delayed 1) 329.39 329.39 137.21 <. 
(both conditions combined) B. 
Series X Recall 8 92.15 11.52 4.80 
Linear B 58.85 29.42 12.26 
Non-linear 6, 33.30 5.55 2.31 
(Ss within Series) X Recall 86 206.46 2.4 
Total 143 1,835.83 


ment, retention was tested, depending on class scheduling, two to four days 
presenting the slides and again after a three-week period. 

(3) Subjects. The Ss were freshmen, members of English Composition 
Kansas State University. As before, testing was done in the classroom, sepa 
classes being used for each of the five series outlined above. Because of 
difficulty in obtaining a constant men to women ratio and in order to avoid possi 
variability in results due to sex, only the records of the men were used, the | 
N being 48 (9, 9, 5, 10, and 15 for the 5 groups). 


Results. The Ss' score was simply the number of generic stimuli reca ll 
The mean recall-scores for each of the five groups under each of the 
recall conditions—immediate, two-four day delay, and three-week del 
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are shown graphically in Fig. 1. An over-all analysis of variance, as well 
as three one-way analyses for the three recall-conditions, was performed, 
The summaries of these analyses are presented in Tables I and II. These 
results indicate quite clearly that success in recall, both immediate and 


TABLE II 


SUMMARIES OF ANALYSES OF VARIANCE UNDER THREE CONDITIONS OF RECALL 
FOR EXPERIMENT III 


Source df SS MS F P 
Between Groups 4 73.03 18.26 4.77 <.01 
i Linear (1) 65.70 65.70 17.18 «.01 
$| Nonlinear (3) 7.33 2.44 = 
1 Within Groups 43 164.45 3.82 
4 Total 47 237.48 
Between Groups 4 356.99 89.25 11.98 <.01 
1 Linear (1) 310.34 310.34 41.66 <.01 
E Non-linear (3) 46.65 15.55 2.09 
1 Within Groups 43 320.32 7.45 i 
"Total 47 677.31 
Between Groups 4 297.73 74.43 11.54 «.01 
i Linear d) 239.31 — 239.81 — 37.2 — <8 
Non-linear (3) 58.42 19.47 3.02 «.05 
[ Within Groups 43 277.24 6.45 
Total 47 574.97 


long term, is positively related to the degree of variety among the speci- 
mens representing each class of the stimulus-object. 


* DISCUSSION 


The data from each of the experiments indicate that memory for 
Beneric stimuli may be enhanced by varying, in successive presentations, 
the specimens representing them. S is, for example, more likely to recall 
“shoe” if he is shown one picture of a woman's ballet shoe and another of 
à man's oxford, than if he is shown either twice. Similarly, the likelihood 
of recalling the word "weather" is greater if shown the words "sunny 
Weather” and "rainy weather" than if shown either pair two times. These 
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results may be contrasted with the disruptive effects generally reported 
experiments where variation is introduced at the time of recall rath 
than during training. The two sets of findings are, of course, not nea 
sarily contradictory, since the effect of any change would undoubtedly be 
function both of its nature and of the time at which it is introduced. As 
the case of the formally similar transfer problem, determining the type 
of situations—here the dimensions to be varied—which have gene 
positive, zero, or negative effects on retention is a further empiric 
problem. à 

One might also expect, as the results of Experiment III demonstra 
different effects from different degrees of variation among the specimen 
used. Increasing the degree of variation here proved to be essential 
facilitating: Fig. 1 depicts the improvement in recall with diversity; th 
analysis indicates the significance of this relationship—F series (4, 43) : 
12.50, p < 0.01. Although Fig. 1 suggests the relationship between sp 
men variety and success in recall to be monotonic for the range examini 
this cannot be confidently asserted since the values on the abscissa are nc 
known to constitute an interval-scale. Nor would such a relationship b 
expected to hold indefinitely as degree of variety became greater. A possib 
depressing effect from a small degree of variation, manifest in the data 0 
both immediate and three-week recall, is suggested by the slightly lowe 
recall-scores with the introduction of one degree of variation in fou 
repetitions (AAAA to AAAB). If this minimum initial drop in an othet 
wise increasing function is a real effect. it is not at all novel, having been 
observed in several other relationships in psychology. 

A further question concerns the manner in which the effects of varied 
repetition on memory operate over time. Since the same Ss were 
under each recall-condition, there is some contamination in the results ftom 
the delayed situations. Since, however, the contamination would tend t0 
work against the effect, by minimizing temporal differences, it is, for 
our present purposes, of little consequence. As indicated in Fig. 1 and 
validated by the analysis, several temporal effects are observed in the dali 
First, there is the usual loss with the passage of time, immediate recall 
being considerably superior to the other two conditions—F (1,86) ; 
137.21, p < 0.01. Secondly, the greatest loss, as in traditional curves of 
forgetting, occurs early. The difference between recall under the delayed 


Reed, op. cit, 641; Weiss and Margolius, op. cit., 318-322. 
"E.g. L. P. Crespi, Quantitative variation of incentive and performance in the 
white rat, this JOURNAL, 55, 1942, 487-490; W. F. Dukes and William Bevan, Jf 
Size estimation and monetary value: A correlation, J. Psychol., 34, 1952, 43-53. 
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conditions, although significant, is less marked than that between the im- 
mediate and delayed—F of 6.94 vs. 137.21. Thirdly, and most important, 
the primary effect becomes more pronounced with time, the greatest loss 
over time occurring with the less varied presentations: F interaction (8, 86) 
= 4.80, p < 0.01. 
In attempting to explain these over-all findings—the positive effect of 
-variety on memory for generic stimuli—one might equally well invoke an 
* associationistic or a motivational hypothesis. By the former, the increased 
number of associations with x (4, 5, etc.) would enhance its probability 
of recall because recalling any one of the several items may lead to its 
recall as opposed to the limited condition of the single associate. The 

' motivational type of hypothesis would, on the other hand, make the 
advantage stem from heightened interest or attention as the aspects vary. 
The two, of course, are not mutually exclusive. The degree to which each 
may operate in producing this effect might be determined, or at least 
explored, in further empirical investigations. 


SUMMARY 


Three experiments involving a total of 251 Ss, examitied the relationship 
between the recall of generic stimuli and the number of individual speci- 
mens used to represent such stimuli. The first two compared immediate 
recall after two different specimens had been presented with recall after 
the repeated presentation of a single specimen. In the first experiment the 
stimuli were colored photographs of common objects; in the second, com- 
mon nouns with frequently associated adjectives. In both instances, more 
generic stimuli were named when two different specimens represented the 
stimulus than when a single specimen was repeated. The third experiment 
was a more elaborate one in which each generic stimulus was represented 
by from one to four specimens. Success in recall was positively related to 
the number of specimens presented. Furthermore, this difference in per- 
formance was enhanced with the passage of time. Memory loss after two 
to four days and after three weeks was greatest for the condition involving 
the repetition of the single specimen and decreased as the number of speci- 
mens used was increased. 


Until recently psychophysical methods have rarely been applied syste- 
matically to the investigation of the visual perception of form: One 


tation (rotational position) throughout the experimental procedure. In 
the present study, Attneave and Arnoult’s descripion of form as a “some: 
what vague set of properties which are invariant under transformations of. 
color and brightness, size, place and orientation" was adopted.* Then, from 
a few physical characteristics, the predictability of perceived dissimilarity 


* Received for publication une 19, 1965. This report is based on a dissertation - 
submitted to the University of Illinois in partial fulfillment of the requirements for - 


* D. O. Hebb, The Organization of Behavior, 1949, 17-18, 26-28, 30. 
“Fred Attneave, Dimension of similarity, this JOURNAL, 63, 1950, 516-536; 
Physical determinants of the Es complexity of shapes, J. exp. Psychol, 53, 1957, 


* Fred Attneave and M. D. Arnoult, The quantitative study of shape and pattern 
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of triangles was estimated independent of color and brightness, size, and 
orientation. Due to the attempt to eliminate or to control these variables, 
perhaps the study can be described as an investigation of ‘pure’ form. 
Although no effort has been made to eliminate the effects of place on per- 
ceived dissimilarity, it seems unlikely that this variable would have much 
effect, provided direct fixation on the stimulus is permitted. 


METHOD AND PROCEDURE 


Stimuli. The stimuli consist of two systematic samples of triangles, none with 
an interior angle larger than 126.67? or smaller than 14.67^. The 13 triangles, 


Fic, 1. THE TRIANGLES OF SAMPLE 1 Fic. 2. THE TRIANGLES OF SAMPLE 2 


of each sample are shown in Fig. 1 and 2. Each was formed of black construction 
Paper with an area of 1 sq. in. mounted on a white octagonal card 612 in. in 
diameter. The orientation of each triangle on the card was determined by a random 
rotation, In an attempt to provide common anchoring points, Triangles 12 and 13 
were included in both samples, 
? Physical measures of the stimuli. All physical measures were so defined as to be 
independent of area and applicable to polygons of any number of sides. The first is 
the ratio of perimeter squared to area, P*/A. Attneave and Arnoult describe this 
Variable as a size-independent measure of dispersion." i 
The second physical measure is Variation of Sides. It is found by evaluating 


___2_ e 
NOS pyi ee 


* Ibid., 468. 
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where A is the area, N is the number of vertices, and S, and S; are the lengths of 
sides i and j, respectively. This measure is similar to the third, Variation of Angles, 
which is defined by 

2 N N 

NN-5 Ani 

where a, and ay are the interior angles at vertices i and j, respectively. This is 
similar to a measure described by Attneave and said to reflect something akin to 
"good continuation." Both this and the immediately preceding measure are zero 
for regular polygons and increase with irregularity. The factor 2/(N(N-1)) was 
omitted in the present study, since N = 3 for all stimuli. 

The fourth measure, Sum of Overlaps, is obtained for polygons with an even 
number of sides by finding first the area of contact of the ‘halves’ that result from 
folding the polygon along the line connecting a pair of opposite vertices." The sum 
of these areas for all N/2 pairs of opposite vertices can be called T, and the 
measure is defined by 4T/(NA). For N odd, the polygon is folded along the line 
connecting a vertex and the midpoint of the side opposite to it, and the resulting 
area of contact between "halves" is determined. If the sum of all N such areas 
is called T, then the measure is 2T/(NA). This measure always equals 1 for 
regular polygons and is less than this for irregular shapes. Thus, it appears to reflect 
symmetry. Since all figures were triangles, the factor 2/N was omitted in the 
present study. 

Subjects. Two hundred and, twenty students in introductory psychology served in 
these experiments, 

Paired associate words. The method of assessing the psychological dissimilarity 
of the triangles was based on a_paired-associate learning task similar to that used by 
Attneave The stimuli associated with the triangles were three-letter words $0 
chosen as to have a frequency of 5 to 10 per million words." They were also so 
selected that no two words had the same first letter or both second and third 
letters identical. The 15 words were bin, cod, hap, jut, ken, log, mug, nip, pew, sup, 
Tar, vat, wan, git, and rot. As explained below, the last two were never paired with 
any triangle, 

Experimental procedure. The triangles of Sample 1 were presented to 118 5s 
and those of Sample 2 to 102 Ss. Fifteen sessions were required with 11 to 19 Ss 
serving per session. 

Since it was possible that words would be confused as well as triangles, a different 
word was associated with a given triangle for each session, except that that assignment 
of words to triangles was the same for the two smallest groups. 

The triangles were projected on a 6 X 8-ft. beaded glass screen located 22.5 ft. 
from an opaque projector (American Optical Company Delineascope, Model V). 
The ratio of linear distances on the stimulus-cards to those on the screen was 1 


; Attneave, op. cit., 1957, 223. 

Two sides (or a side and a vertex) are said to be opposite one another if they 
are separated by the same number of vertices when counting in the clockwise and 
counter-clockwise directions. 

° Attneave, op. cit., 1950, 544-545, 


d L. Thorndike and Irving Lorge, The Teacher's Work Book of 30,000 Words, 
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to 14. Each stimulus was projected in a black circular frame 4 in. in diameter. 
Since form is considered to be independent of orientation, a given stimulus appeared 
in 1 of 8 different randomly chosen positions at each presentation. 

Instructions. Before beginning paired-associate training, the following instructions 
were read to the Ss. 
Iam going to test your ability to remember. To do this, I will project a number 
of triangles on the screen one-at-a-time, Each time you see the same triangle, it 
will be in a different position. No two triangles are the same. Every time you see 
a triangle, I will call out and spell a short word. You will see each triangle five 
times, and each time you see it I will call out the same word. Now, here is what 
I wish you to do: Try to learn the word that goes with each triangle. After you 
have seen each triangle five times, I will show them to you once more and ask you 
to tell me the word that goes with each one. Do you understand? 


Presentation order of the triangles was random on the first trial, the second 
trial was an ‘inside-out’ ordering the first, the third trial an ‘inside-out’ ordering 
of the second, etc. Each stimulus was exposed for 10 sec., and while it was on the 
screen, E called out the paired-associate word, spelled the word, and called it out 
again, Approximately 5 sec. elapsed between successive presentations. 

Following the completion of the first trial, E announced: “You have now seen 
each triangle once and heard each word once.” Upon completion of the fifth trial, 
E distributed paper on which the 15 words appeared along with space for writing 
the word recalled by S for each triangle. The following instructions were then read: 
Now I will show you the triangles once more, but this tinfe I will not tell you 
the word associated with each one. You are to write down the correct word for 
each triangle on the piece of paper. If you have trouble remembering the correct 
word, look over the list and guess. Your first guess has a good chance of being 
correct. Be sure that you do not leave any of the spaces blank and that you use 
each word no more than once. Are you all ready? 

The stimuli were then presented in an inside-out ordering of the Trial 5. The 
ordinal number of each triangle was called out instead of the word associated with 
each, Otherwise, the procedure was identical to that of the training trials. 


RESULTS 


Ss who responded on the test-trial with either of the words that were 
never paired with a triangle during training (git or rot) were considered 
less cooperative, less motivated, or less able than the remaining Ss.t They 
were dropped from further consideration. "This reduced the first group of 
Ss from 118 to 76 and the second group from 102 to 72: 

If p(ij) is the proportion of Ss who gave the paired-associate word 
attached to Stimulus i during training in response to Stimulus j on the test 
trial, then 8(i, j) = [pi j) PO D/EP iD PO» D 119^ bas beo m6. 
gested by Shepard as a measure of generalization between Stimuli i and 


"Those who did respond with either of these words had a significantly lower 
fein number of piu s than the other Ss (3.84 compared to 4.92 in the 
st group, and 4.07 vs. 5.08 in the second). 
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j? Shepard, furthermore, has adduced evidence indicating that stimulus. 
generalization is a negative exponential function of Psychological distance, 
If this is correct, then -logs S(i, j) is a measure of the Psychological 
distance between Stimuli i and j. This measure of Psychological dissimi- 
larity was calculated for each pair of triangles within each of the two 
samples. 


TABLE I 


SUMMARY OF THE LINEAR REGRESSION oF DIFFERENCES IN THE PHYSICAL 
MEASURES ON PSYCHOLOGICAL DISSIMILARITY 


Varia- Variation Sum of 


Sam- Á 
t 
pe  P/A Et of d. ‘al overlap Constan 
Correlation with psychblogi- 4 -695 — .667 +239 318 = 
cal dissimilarity 2 -622 .612 .263 .279 — 
Unstandardized regression 1 1.150 -677 —.006 179 1.253 
coefficients 2 .869 — .560 .003 — ,159 1,561 


Using P2/A alone, 48.3% of the variance of dissimilarity can be predicted 
in Sample 1, and the Corresponding figure is 38.7% for Sample 2. Similarly, 
Variations of Sides alone permits the prediction of 44.5% of the variance 
of perceived dissimilarity of Sample 1 and 37.5% for Sample 2. The re- 
maining two physical measures contribute relatively little to predictability. 


Discussion 


ing generalization to distance in psychological space, Psychometrika, 22, 1957, 325- 
345; Stimulus and response generalization: Deduction of the generalization gradient 


D. W. Stilson, A Psychophysical investigation of triangular shape, Unpublished 
Doctoral dissertation, University of Illinois, 1956, 54-58, 
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for whom "jut" was paired with Triangle 12. Rotation of assignments of 
paired-associates from one experimental session to another presumably, 
however, eliminated large, systematic effects of this kind. 

It is of special interest that differences in P?/A predict perceived dis- 
similarity of triangles as well as any other single measure, since perimeter 
has often been found to be related to illumination thresholds for form 
recognition.'* Though Casperson found little relationship between recogni- 
tion thresholds and perimeter for isosceles triangles, a stronger relationship 
probably would have appeared if scalene triangles had been included so as 
to increase the variability of perimeter.'® Thus, it appears that compactness- 
dispersion as measured by area-independent functions of perimeter is 
related to supra-threshold similarity as well as to the recognitive thresh- 
old. Since the correlation of Variation of Sides and P2/A is 0.797 in 
Sample 1 and 0.807 in Sample 2, it appears that differences on these 
variables reflect similar characteristics. Although Variation of Angles ap- 
pears to be quite similar to Variation of Sides, the correlations between 
their differences were only 0.495 and 0.435 for Samples 1 and 2 respec- 
tively. Scatterplots, however, revealed that the low correlation of Sum of 
Overlaps and Variation of Angles with dissimilarity was partly attributable 
to the great subjective separation of Triangle 12 from the others. When 
Triangle 12 was deleted, the correlations of dissimilarity with Sum of 
Overlaps and with Variation of Angles increased. On the other hand, 
the restriction of range resulting from the deletion of Triangle 12 de- 
creased the correlation of dissimilarity with P?/A and Variation of Sides 
to about 0.4 to 0.6. Since P2/A and Variation of Sides more accurately 
reflected the extreme subjective position of Triangle 12, they appear more 
sensitive than the other two measures to differences that are relevant to 
subjective dissimilarity. 

Since variation of Sides and P2/A both depend on the lengths of 
sides, these results appear to necessitate a revision of Michels and Zusne's 
statement that measures on sides have proved useless or at least less effec- 


n 


." For example, see E. S. Lamar, Selig Hecht, C. D, Hendley, and Simon Shlaer, 
Size, shape, and contract in detection of targets by daylight vision: I. Frequency 
of seeing and the quantum theory of cone vision. J. opt. Soc. Amer., 38, 1948, 741- 
Ho J. E. Hochberg, Henry Gleitman, and F. D. MacBride, Visual threshold as a 
unction of simplicity of form, Amer. Psychologist, 3, 1948, 341-342 (Abstract); 
M. E. Bitterman, John Krauskopf, and J. E. Hochberg, ‘Threshold for visual form: 
A diffusion model, this JoURNAL, 67, 1954, 205-219; John Krauskopf, R, A. Duryea, 
D ce E HE Threshold for visual form: Further experiments, this JOURNAL, 
ds , 427-440, ^ 
E. C. Casperson, The visual discrimination of geometric form, J. exp. Psychol., 
40, 1950, 668-681. 
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tive than measures of angles as predictors of Psychological properties of 
planar forms.? It is important, however, to keep in mind that in the 
studies they reviewed, orientation of the stimuli was held constant, whereas 
in the present investigation, orientation was varied randomly. As Attneaye 
has shown, the relative position of triangles affects subjective judgments 
of their similarity, and if the orientation of the figures had remained 
constant in the present research, the pattern of relationships between 
physical measures and perceived dissimilarity might have been quite 
differenti? For example, if each triangle always appeared with a particular 
side horizontal, then Variation of Angles might have a stronger relation- 
ship to psychological similarity. 

Limiting the stimuli to triangles restricts the range of forms and makes " 
it impossible to use some physical measures that have demonstrated utility 
for predicting subjective characteristics of two-dimensional shapes. This 
restriction has probably limited the degree of predictability. Further re- 
duction in predictability may have resulted from individual differences in 
perceived dissimilarity and physical variations among the stimuli not 
reflected in the particular Physical measures chosen.19 


ò 


SUMMARY 


able and 42.566 was predictable in a second sample. The ratio of perimeter ` 
Squared to area by itself predicted only 4% to 5% less variance in per- 
ceived dissimilarity than a linear function of all four physical measures. 


" Michels and Zusne, op. cit., 79. 
5, Attneave, op. cit, 1950, 542. 
: For example, "number of turns” (Attneave, op. cit, 1957, 224). 5 
i T CODI difference in symbolic meaning are mentioned by Gibson, op. city 
51, 410. 


PERCEPTION OF ORIENTATION: 
ADAPTATION TO LATERAL BODY-TILT 


By Josep H. MCFARLAND, Antioch College, and 
FRANK CLARKSON, Astor Home for Children 


It is well known that proprioceptive and exteroceptive stimulation 
affect perception of the visual vertical It is also well documented, but 
not so well known, that certain proprioceptive and exteroceptive stimuli 
affect not only an O's perception of the visual vertical but also the orienta- 
tion of his longitudinal axis. For example, a change in vestibular stimula- 
tion by tilting O's body laterally or rotating it around the longitudinal 
axis leads to displacements of both the apparent vertical position and the 
apparent longitudinal axis from their respective positions. Similarly, a 
change in visual stimulation, by the lateral tilt of a ‘frame,’ leads to similar 
displacements in these perceptions.* 


* Received for publication July 19, 1965. This study, undertaken at Clark Uni. 
versity, was supported by USPHS Research Grant MH-00348 from the National 
Institute of Mental Health. j 

Kurt Koffka, Principles of Gestalt Psychology, 1935, 218; J. J. Gibson and O, H. 
Mowrer, Determinants of the perceived vertical and horizontal, Psychol. Rev., 45, 
1938, 300-323; H. A. Witkin and S. E. Asch, Studies in space orientation: 
Further experiments on perception of the upright with displaced visual fields, J. 
exp. Psychol., 38, 1948, 762-782; C. W. Mann, N. H. B. Berry, and H. J. Dauterive, 
The perception of the vertical. I. Visual and non-labyrinthine cues, J. exp. Psychol., 
39, 1949, 538-547; Gibson, The relation between visual and postural determinants 
of the phenomenal vertical, Psychol. Rev., 59, 1952, 370-375; Heinz Werner and 
Seymour Wapner, Sensory-tonic field theory of perception: Basic concepts and ex- 
periments, Rev. Psicol., 50, 1956, 315-337; K. A. Chandler, The effect of monaural 
and binaural tones of different intensities on the visual perception of verticality, this 
JOURNAL, 74, 1961, 260-265; Brant Clark and Ashton Graybiel, Perception of the 
postural vertical in normals and subjects with labyrinthine efects, J. exp. Psychol, 


°H. E. Burtt, The perception of slight changes of equilibrium, with especial 
reference to problems of aviation, J. appl. Psychol, 2, 1918, 101-115; P. M. van 
Wulfften Palthe, Function of the deeper sensibility and of the vestibular organs in 
flying, Acta Otolaryng., 4, 1922, 415-449; L. H. Bauer, Dangers of high speed and 
acrobatic flying, Aviation, 16, 1924, 174176; F. Leiri, Über die Bedeutung des 
Vestibularapparats bei der aviation, Z. Hals-Nasen-, und Obrenb-lk., 17, 1927, 381- 
391; A. Gemelli, L'orientazione lontana vel volo in aero] lane, Riv. Psicol., 29, 1933, 
297-525; Witkin, Perception of body position and of the position of the visual 
field, Psychol. Monogr., 63, 1949, (No. 302), 1-46; Perception of the upright when 
the direction of the force acting on the body is changed, J. exp. Psychol., 40, 1950, 
95-106; $ H. McFarland, Seymour Wapner, and Heinz Werner, Relation between 
perceived location of objects and perceived location 
Skills, 15, 1962, 331-341. eae 

Witkin, op. cit, 1949, 1-46; Mc Farland, Visual and proprioceptive changes 

during visual exposure to a tilted line, Percept. mot. Skills, 15, 1962, 322. 
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The latter findings suggest that exteroceptive and proprioceptive stimula- 
tion influences a referent system which underlies perception of the orien- 
tation of both visual objects and the longitudinal axis. While the neuro- 
physiology of such a referent system is speculative, it is clear from studies 
of infra-human species that convergence of many afferent sources do take 
place within the cortex, the reticular formation, and the cerebellum 
Although the functional significance of such convergence is not obvious 
from these studies, at least the minimal fact of convergence has been 
shown between exteroceptive and proprioceptive signals in infra-human 
species, thereby providing some neurophysiological plausibility to the 
system hypothesized. 

Recently, adaptative effects following visual exposure to a tilted line 
have been interpreted as due to a change in this hypothetical system; there 
are adaptative effects as measured by the O's visual apparent vertical, the 
Gibson effect, and there are also adaptative effects as measured by O's 
apparent longitudinal body-axis.5 The purpose of the present study is to 
Show that adaptative effects will occur with exposure to a tilted posture; 
there will be adaptative effects as measured by O's visual apparent vertical 
and his apparent longitudinal axis. 

Method. There are three methods of studying the adaptative effects: (1) an 
indirect method, by Changing typical constant Proprioceptive or visual stimulation 
and thereby changing typical relations between proprioceptive and visual stimulation; 
and (2) and (3), directly, by changing typical relations between respectively con: 
Stant or changing proprioceptive and visual stimulation." 

The first method was employed, viz. O laterally tilted in a dark room by a con- 
stant amount, The effect of this condition on the perceived orientation of propriocep- 
tive stimuli defining the O's longitudinal body-axis was determined by measuring 


‘For brief reviews, see C. K, Levy, J. D. Loeser, and W. P. Koella, The cere- 
bellar acoustic response and iis interaction with optic responses, Electroenceph, 


cortical neurons, in Morris Bender (ed.), The Oculomotor System, 1964, 239-271. 


" Examples of these three methods are: (1) introduction of constant atypical pro- 
prloceptive stimulation only, e.g., by laterally tilting O a constant amount in a back 
Toom, or by introducing constant atypical visual stimulation only, which is not pos- 
sible; (2) introduction of constant epic relations between constant proprioceptive 
and visual stimulation, e.g. by laterally tilting O a constant amount in a lit room 


with a visual scene composed of contours tilted a constant amount; and (3) intro- 
ducing a constant atypical relation between changing proprioceptive and visual 
stimulation, e.g. by having O wear a brace which tilts him a constant amount while 
walking about a typical scene, which is not possible, or by having O wear a prism 
which tilts the visual field a constant amount while he is walking about a typical 
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apparent body-position (ABP), and the effect of this condition on the perceived 
orientation of visual stimuli was inferred from measures of apparent vertical position 
(AVP). 

Procedure. To obtain the measures, E instructed O so to rotate a luminous line 
that it appeared parallel with his longitudinal body-axis, or so to place it that it 
appeared vertical. The position of the line was read from a protractor to the nearest 
0.5°, For each measure, there were two trials, starting positions for the line of 30° 
left and right of, respectively, physical longitudinal body-axis and physical vertical. 
Both measures were obtained by means of the visual index before, during, and after 
52.5' of lateral body-tilt. During body-tilt, measures were obtained immediately 
after tilt and every 7.5 min, thereafter. Thus, for each O there were 2 trails for 
each of 2 measures on 10 occasions (Fig. 1). 

These measures were obtained with lateral body-tilts of 20° left, 30° left and 
right, and 40° left. Three independent groups, each composed of eight men and 
eight women, were used for each degree of tilt. For all groups, AVP and ABP were 
measured on different days; and the order of measuring was counter-balanced in a 
2 X 2 Latin square. The group receiving 30° left and right tilt had a counter-balanced 
order of presenting left and right directions of tilt. Within groups there were equal 
numbers of each sex who received a left-right and right-left sequence of 
positions; this sequence remained constant for each O throughout the experiments. 

On each test-day, O, wearing light-tight goggles, was led into the experimental 
toom and seated in an unpadded chair which could be tilted in appropriate lateral 
directions and maintained at the appropriate degree of tilt. The chair had foot- and 
arm-rests; and O's head could be clamped parallel with his body. He was instructed 
to remain stationary in the chair at all times and was observed continuously by E. 
At no time was he permitted to view anything within the experimental room except 
the test-stimulus during a trial. 


Results, Before tilt, ABP and AVP both approximated the direction of 
gravity (P < 0.05) (Fig. 1 A). Immediately after tilt, ABP and AVP 
deviated from respective physical positions in à direction dependent on 
magnitude and direction of body-tilt (P < 0.001) in agreement with 
the findings of previous studies.* With prolonged body-tilt, ABP approached 
physical body-position for all magnitudes and directions of tilt (P < 
0.001). The direction of change in AVP, however, varied as a function of 
magnitude of the tilt (P < 0.001). After 20° and 30° tilt, AVP moved 
a M eee 


"Numerous studies of perceived body orientation use a measure of the postural 
vertical, ie. O adjusts himself from a tilted to an upright position. Such a measure 
is equivalent to O's adjusting a visual line from a tilted to a vertical position to 
measure the visual vertical. Employing such a measure provides y Seren 
showing the effect of starting position of after-effect of -tilt on the *ü 
of the postural vertical. Such a measure is not suitable for A pa study which 

uires a measure of perceived body-orientation while 3d Baneet 
“I Mc Farland, ‘Wapner, $ and Werner, op. cit, 1962, 331-341; N fartin Banermeinen 
Effect of body tilt on apparent verticality, apparent position and their relation, 
J. exp. Psychol., 67, 1964, 142-147. 
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in the direction of body-tilt; after 40° tilt, AVP moved Opposite the direc 
tion of body-tilt. 

The effect of prolonged body-tilt on ABP and AVP can best b 
by a consideration of the angular difference between ABP and AVP bef 
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Fic. 1A. PLOT OF APPARENT VERTICAL POSITION AND APPARENT BODY POSITION. 
AVP, dashed line; ABP, solid line; PR, pre-tilt; PO, post-tilt; 30° right, unfilled 
circles. A minus (—) number indicates the deviation rom the physical vertical 
body position in the direction of body-tilt; a plus (+) number, the deviation ope 

posite the direction of body-tilt. 


Fic, 1B. REPLOT IN TERMS or ANGULAR SEPARATION 5 
Unfilled circles at 30° represent the results when tilt was to the right. 


during, and after body-tilt (Fig. 1B). Before tilt, when the body was in a 
typically erect position, there was only 0.5? difference. Initially after tilt, 
there was a maximal deviation which varied with magnitude of body-tilt 
(P < 0.001); as body-tilt Continued, the difference diminished at a ra 
dependent on magnitude of body-tilt (the F for the interaction betw 


* The results for 30° tilt have been feported previously: J. H. Mc Farland, Frank: 
E. Clarkson, and Seymour Wapner, Effect of rolonged n tilt on the relationship. 
between bows position of one's body "ui of other objects, Amer. Psychologist, 

6, 1961, 421. 4 
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magnitude of body-tilt and measures is P « 0.001). When the body was 
erect again, there was a deviation of 3° for all magnitudes of body-tilt, 
which differed from the 0.59 deviation before tilt (P < 0.001). 


Discussion. These effects of prolonged and constant lateral body-tilt, 
in the absence of a visual scene, were taken as a form of visual and pro- 
prioceptive adaptation to a change in typical proprioceptive stimulation.” 
Prior to tilt, when the body was in a typical position, there was approximate 
zero difference between ABP and AVP. The stimulation provided during 
prolonged and constant lateral body-tilt affected the hypothesized reference 
system in a manner which redefines what constituted typical proprioceptive 
stimulation, and thus, indirectly, what constituted typical relations between 
proprioceptive and visual stimulation. With this indirect change in the 
typical relation between proprioceptive and visual stimulation, ABP and 
AVP both change, and they changed in the direction of reducing angular 
difference. 


. " Previous studies using Methods 1, 2, and 3 of studying adaptation have used 
either measures of visual stimuli or measures of proprioceptive stimuli defining the 
body. Studies using Method 1, that is, a constant change in typical proprioceptive 
stimulation only, have employed measures of the visual horizóntal during constant 
body-rotation (6° or 12° deviation of resultant force from gravitational vertical) in 
the absence of visual stimulation and have shown no adaptation-effects during 
240 min.: Brant Clark and Ashton Graybiel, Visual perception of the horizontal 
uring prolonged exposure to radial acceleration on a centrifuge, J. exp. Psychol., 
63, 1962, 294-301. Constant body-tilts of 60 sec. duration in the absence of visual 
stimulation have, however, been reported to result in adaptation-effects as measu 

by perception of the postural vertical, that is, O adjusts himself to the vertical: 
G. E, Passey and F, E. Guedry, The perception of the vertical: II. Adaptation effects 
in four planes, J. exp. Psychol., 39, 1949, 700-707; see also R. G. Pearson and G, T. 
Hauty, Adaptive processes determining proprioceptive UU of verticality, 
ibid, 57, 1959, 367-371. In regard to Method 2, a constant change in the typical 
relation between constant visual and proprioceptive stimulation, studies using this 
method and measures of the visual vertical show adaptation-effects after erect Os 
are exposed to tilted visual stimuli: Gibson, Adaptation, after-effect, and contrast 
in the perception of tilted lines: II, Simultaneous contrast and the areal restriction 
of the after-effect, J. exp. Psychol, 20, 1937, 553-569; R. B. Morant and H. K 
Beller, Adaptation to prismatically rotated visual fields, Science, 148, 1965, 530331. 
One study employing this procedure and measures of both O's perceived body posi- 
tion and visual vertical, as indexed by a visual marker, has also reported adaptation 
effects for both measures (Mc Farland, op. ci^, 1962, 322). Method 3 has been 
used in numerous studies which show adaptation-effects as measured by perception 
of visual stimuli; reviews can be found in K. U. Smith and W. M. Smith, Perception 
4nd Motion, 1962, 59-104; Sonoko Ohwaki, An investigation. of figural adaptation: 
A study within the framework of sensory-tonic field-theory, this JoURNAL, 74, 1961, 
3-16; J. G. Taylor, The Behavioral Basis of Perception, 1962, 163-188, 298-337; 
Harutune Mikaelian and Richard Held, Two types of adaptation to an optically- 
rotated visual field, this JoURNAL, 77, 1964, 257-263; C, S. Harris, Perceptual 
adaptation to inverted reversed, and displaced vision, Psychol. Rev., 72, 1965, 419- 
Mi For a review of the studies measuring proprioceptive adaptation while using 

ethod 3, see Harris, op. cit., 1965, 419-444. 
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Further support for this interpretation was provided by the fact that 
after prolonged tilt, when the body was returned to the previously typical, 
erect position, there was now, relative to before tilt, a si ignificant difference 
between perceived orientation of the longitudinal body-axis and the visual 
vertical. This was to be expected if, indeed, the typical proprioceptive 
stimulation was now provided by the tilted posture as positioning the body 
to a physically vertical posture should be equivalent to the effect of initial 
tilt, viz. lead to an angular difference between ABP and AVP. 

Tt must be emphasized that the perceptual adaptation reported here is 
not fundamentally different from that reported in numerous recent 
studies?! Although the conditions used in the present experiment differ, 


at first glance, from those used in these recent studies, which are, respectively, 


comparable to Methods 2 and 3, outlined above, i.e. they directly change 
typical relations between constant and changing proprioceptive and visual 
stimulations; the present study employed Method 1, which indirectly changes 
typical relations. between proprioceptive and visual stimulations, Thus, 
the only difference in conditions related to whether relations between 
proprioceptive and visual stimuli are directly or indirectly changed. 

It could be obiected, however, that both Method 1 and 2 differ funda- 
mentally from Method 3 in that the latter introduces reafferent stimulation, 
whereas the former methods do not:? To meet this objection, it can be 
argued that all three procedures introduce reafferent stimulation during the 
adaptative period. Method 1 introduces reafferent stimulation that is conse- 
quent to the tilted posture maintained by O with the aid of the tilted chair 
in which he is sitting. In Method 2, the reafferent stimulation is conse 
quent to the self-produced erect posture maintained by O, or to the tilted 
posture maintained by O with the aid of the tilted chair in which he is 
sitting. With Method 3, the reafferent stimulation is consequent to the 
self-produced walking about in the environment. 

To summarize: As long as there is an intact organism, it may be argued 
that there is always reafference consequent to either a static posture which 
is self-maintained or consequent to a change in posture which is self- 
produced. Such reafference constitutes a part of what is here grossly te- 
ferred to as proprioceptive stimulation. 

Viewing these recent experiments in terms of the hypothesized referent 


” Studies such as those conducted by Gibson, by Morant and Collaborators, and by 
Held and collaborators, 

?! Held, Movement-produced stimulation is important in prism-induced after- 
effects: A reply to Hochberg, Percept. mot. Skills, 16, 1963, 764. 
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"system may help resolve some of the dispute as to whether exposure to 
"atypical stimulation leads to visual or proprioceptive adaptation, that is, 

change in apparent position of visual stimuli or change in felt position of 
"body or body-parts.’* For example, the wearing of prisms while walking 

about exposes O to an atypical but constant relation between changing 
visual and proprioceptive stimulation. Exposure to such atypical stimulation 
leads to changes in the reference-system defining typical relations between 
" visual stimulation and proprioceptive stimulation defining the body. Thus, 
“both visual and proprioceptive adaptation are expected to occur with this 
“exposure, The fact that either visual or proprioceptive changes are reported 
ina particular study, and not both, may be a simple function of the decision 
» to obtain only one type of measure." 


? Harris, Adaptation to displaced vision: visual, motor, or proprioceptive change?, 
Science, 140, 1963, 812-813; C. R. Hamilton, Intermanual transfer of prism 
1 daptation, this JOURNAL, 77, 1964, 457-462; Harris, op. city 1965, 419-444. 

illustrative here are the recent findings of J. C. Hay and H. L. Pick, Jr. 
- Visual and proprioceptive adaptation to Optical displacement of the visual stimulus, 


J. exp. Psychol., 71, 1966, 150-158. 
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SPEED OF READING WHEN THE SPAN OF 
LETTERS IS RESTRICTED 


By Epwin B. NEWMAN, Harvard University 


When a person reads a page of print, he is presented with a very col 
plex visual display. His eyes scan this display in an orderly fashion, an 
as the page is scanned, the information presented on the page is convert 
from its extended, simultaneous form into sequential information, 
Sequence governs the flow of ideas or actions. To the extent that we un 
stand this process of conversion, we shall also understand many of th 
formal properties of perception and cognition. Such percepts are one si 
in the chain from complex stimulus to complex response. 1 

Tt is well known from studies of eye-movements that the process 
conversion proceeds in a saltatory manner, The actual processing lies | 
tween two extremes. On the one hand, the total page of print is compl 
far beyond the span of apprehension. With no single point of re 
would it be possible to take in all of the detail in a single page, | 
matter how long the eye remained fixated. On the other hand, the eye 
neither fast enough in its movements, nor is there enough efficiency in # 
processing of information, so that a person could gain understanding 
scanning every discriminable point of a page in any possible order. The 
cannot function as the inverse of the point of my pencil as I write, Rath 
than either extreme, the eye performs a series of fixations, usually s: 
to a line of print, and a block of information is taken in before the € 
moves on to the next area in succession. 

There is no assurance, of Course, that some more central mechanism mi 
not be scanning the field within each fixation and in some cases, such 
typing, the seriatim character of the Output makes it quite clear that 

internal scanner must be at work. There are many more typing strokes thi 
fixations by the eye. What we know from studies of eye-movement is simp 
that there is a largest size of the block that can be effectively handled. 

Our ordinary eye-movements are so highly automatic that they do m 


* Received for publication October 5, 1963, This paper was prepared origi 
for a Festschrift honoring Professor Wolfgang Köhler on his 75th birthday, 
Published by Psychologische Beiträge in 1962. Since, with several other papers, 
was not possible to include it in that volume, it is published here in substantial 
the original form. 
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offer us a very useful tool for experimental control. They are not particu- 
larly docile and they are technically difficult to record. There is real need 
for a somewhat different approach. This paper reports an experiment in 
which the usual situation is reversed, that is, in which the span and rate 
of presentation are experimentally controlled while the eye presumably 
remains relatively fixed. In this way the capacity of S to take in and 
process information can be tested under limiting conditions that will not 
occur in the course of natural reading. f 


PROCEDURE 


The procedure employed was relatively simple in concept. Motion picture 
films were prepared that presented a set of from 1 to 10 letters on a screen, In 
each successive presentation the letters were moved one space to the left, the first 
letter was dropped off and a new letter was added at the end, that is, to the 
right. The appearance to the $ was then that of a continuous band of text moving 
from right to left behind a window that permitted him to see just » letters, His 
task was to read aloud the passage being shown to him. 

In the experiment reported here, 13 conditions were tested. Six spans were 
used; namely, 1, 2, 3, 4, 6, and 8 letters. The rate of presentation was also varied 
by having a given pattern occupy a single frame on the film, or 2, 3, or 5 successive 
frames. The films were projected at a constant speed of 10 frames per sec. Thus, 
the rates at which the text moved were 10 new letters per sec., 5 new letters, 3.3 
new letters, and 2 new letters per sec. Not all combinations of the six spans and 
the four rates were employed, because for many of them S was either reading 
perfectly or not at all. This decision was reinforced by the difficulty of making 
films that had to be photographed one frame at a time. The tedium was considerable. 

The texts presented to the Ss consisted of passages chosen from John Locke's 
Treatise of Civil Government. Each passage was roughly 100 words in length. S 
tead aloud to a magnetic tape recorder and he was later scored on the percentage 
of the words that he spoke correctly. The long spans that were easy to read 
were shown first and the task became progressively more difficult. Each $ went 
through the experiment once, requiring about 40 min, 

Before describing the results, I wish to make one point clear about this pro- 
cedure, At any given rate of exposure, say 10 new letters per sec., there is the 
Same total amount of information presented whether the span is one letter or 
tight. It takes the same length of time to run through a passage of 100 words; 
S speaks at the same rate into the recorder. To be sure, a given letter is exposed 
to view for a longer time with the greater span, but in so doing, it moves from 
one place in the eye to another. So far as what falls on one given area of the 
retina is concerned, a span of one is just like a span of eight. There is a sense, 
of course, in which more information is presented in the case of the longer 
Spans. This is true in that a given letter is presented over and over again as it 
Marches across the screen. But in the more technical meaning of the term in- 
formation, no new information is added. The repeated presentations of each 
letter are entirely redundant in that they tell S nothing that he did not get before 
(if he saw it, of course!). 
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TABLE I | +s"... 
PERCENTAGE or Worps READ CORRECTLY 


Texts roughly 100 words in length were read by 15 Ss at each rate and span 
for which a value is given. Variability is homogeneóus if percentages are 
converted to Z-scores. Standard error of these values is 0.1 sigma 

units, equal to about 4% in middle of scale, 


Rate of adding new letters per sec, 


Span of letters 

in each frame 2 3.3 5 10 
8 * 96.51 
6 95.24 
4 98.91 88.43 
3 97.27 78.84 
2 92.01 94.14 31.36 
1 87.85 71.18 47.10 9.53 
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FIG. 1. PERCENTAGE oF Words READ CORRECTLY 
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RESULTS 


The results of the ‘experiment ate given in Table I. Each value repre- 
sents the mean percentage of the words spoken correctly by 15 Ss. The 
same results are shown graphically in Fig. 1, in which the percentage has 

' been plotted on a normal-probability scale and the rate of adding new 
letters on a logarithmic scale, 

To estimate the variability in these data, it was necessary to transform 
the percentages into Z-scores because of the restriction at either end of the 
scale, When this is done, the variance is fairly homogeneous. The standard 
error of estimation is about 4% in the middle of the scale and pro- 
portionately less at either extreme. 

The numerical results make clear what was strikingly obvious to the Ss; 


TABLE II 
NUMBER or LETTERS CORRECTLY REPORTED PER SECOND 


Each value is the percentage in Table I multiplied by the rate at which new 
letters appeared. 


Rate of adding new letters per sec. 


Span of letters — - 
in each frame 2 3.3 5 9 1 


mnooo 


3.1 
1.8 2.4 
namely, that the lack of context radically reduces the speed at which the 
material can be read. Taking the last column of the table as an example, 
text that could be read easily and with 96% accuracy so long as a string 
of eight letters was present became almost totally unintelligible as a 
series of single letters. To be sure, $ has to pay rather close attention to 
the rapidly moving string of letters, but it was, nevertheless, clear. In con- 
trast, the single letters were seen as a jumble, a twinkling jumble, out 
of which every now and then there came a clear letter. It was hard to 
believe that this jumbled series of letters was actually a constituent of the 
Pattern seen clearly and in movement when the context was present. 

The data of Table I may be cast in slightly different form in order to 
emphasize how limiting is the effect of the short spans. Suppose that we 
calculate the absolute number of letters cortectly reported by multiplying 
cach rate by the percentages reported. The results are shown in Table II. 
The last column again shows the ten-fold drop in rate as the context is 
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reduced. But the table shows one other thing, that the rate of reading in- 
creases as the rate of. presentation increases, and in some cases it reaches a 
maximum and then falls off. This is ttue both for single letters and for two 
letters. I feel sure that the same maximum would appear with longer spans 
of letters, but these were not tested because of the technical difficulty of 
producing a fast-moving display. 


, Discussion 


There is an intuitive sense in which the display of the longer span of letters 
is richer in terms of possible cues than is the display with the short span, In 
strict informational terms, as was said, the net rate at which information is 
Supplied is, for a given rate of presentation, always the same. The longer span is 
simply more highly redundant. On the other hand, this redundancy, that is, the 
continued presentation of the same letter in successive locations across the Screen, 
gives the $ freedom to utilize this information in some manner better suited to his 
capacities. This is the basic premise of the experiment. 

Tt might be assumed, for example, that it takes about 0.3 sec. to process any 
one item of information. Thus, as will be seen in Table L single letters presented 
at a rate of 3 per sec. lead to words that are 71% correct, When the span is 3 
letters and the rate is 10 per sec, we might assume that the first exposure is 
Seen, two and three are blanked out by some subjective process, then four is 
seen, five and six are blanked out, and so on. The rate at which an entirely new 
group of letters was presented would be 10/3, or 3.3 per sec. Indeed it proves 
to be true that three-letter ‘chunks’ can be seen with 79% accuracy at this rate, 
The over-all rate of reading with a 3-letter span is then three times as great as 
with the single-letter span, because the ‘chunk’ is three times as large, while the 
time per ‘chunk’ is constant. I will call this the ‘shutter’ hypothesis, There is no 
direct evidence to Support it, but it is consistent with the numerical results. 

The phenomenal appearance of the display raises other problems that make 
this somewhat simplified view less attractive. The description given above sug. 
gested that when the Span was large, $ saw a more or less continuous band of 
letters (or words) moving from tight to left behind an opening, This appearance 
was not constant. It would break down from time to time. The direction of move- 
ment would occasionally reverse, or single words would appear stationary, often 
followed by a confused impression before the normal movement would resume. 
Much of the time the impression of a steady movement was, however, quite 
strong." 

The appearance of movement that has been described is characteristic of all of 
the longer spans, It is absent, most naturally, for single letters, because there ís 
nothing to condition the display to move in any direction. Rather, there is an 
internal movement in the Single letters that was quite absent with the longet 
span. One letter is transformed into another with a varied movement of its partsi 


* I should remark that it is possible to destroy thi by greater spacing 
i y this movement by gr 
of the letters and by a choice of unfavorable size and brightness, but these facts 
limit but do not destroy the argument, 
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in the former case there is a translation of an unchanging letter, The transition 
“between the two types of movement was, with the particular conditions of this 
^" ‘experiment, between a span of two and a span of three letters. There was almost 
never a translatory movement of two letters; there was more often translation of 
"three than not. 
T The problem posed is simply this: if there is an appearance of translatory 
"movement, there must be an underlying identity between the geometric figure in 

One square and the next. Failing this, there can be no sense of direction in the 

movement. Now it is evident that this identity must be established locally and 

with sufficient saliency to control the movement, It is also evident that this local 

‘action takes place within a time that is several times shorter than the time neces- 
T Saty to ‘recognize’ the letter, as is evidenced by the almost complete inability of 

S to report anything about the fast display of single letters. In short, there is 
There direct evidence of a process reflecting the form of the letter well below the 

“evel of reportable recognition and presumably below the level at which apparent 
“Movement is determined. This is not, of course, a new problem—it is the identity 
problem described by Ternus*—but in these experiments it appears in a pe- 

Culiatly persuasive form. 

2 As an alternative to the ‘shutter’ explanation, we might use a model that had 
~ Something like the following stages: 
` (1) An elementary establishment of form, perhaps at a quite primitive level. 
(2) The determination of identity (or similarity) sufficient to condition the 
Apparent movement of the display. ^ 
(3) The perceptual grouping of elements of form into strings of letters, 
Possibly into words, that move as a unit across the field. This process may well 
be coincident with (2), although it need not be. 
(4) A transformation that provides $ with a movement-free (and, more 
Benerally, stimulus-free) pattern of letters. The optimal length is uncertain, but 
it is certainly at least 4 or 5 letters in length (as inferred from the present paper) 
and is probably less than 10 or 12 (on the basis of other studies of eye-movements). 
> (5) The recognition of this string, or whatever other process may lead to a 
behavioral consequence that is recorded. 

Admittedly, such a scheme is loose and speculative, but it may help to sharpen 
the results of this experiment. 


SUMMARY 


An S was asked to read a display that consisted of a meaningful string 
of letters displaced one letter at a time to the left. In a given presentation, 
m display had a constant span of letters, from eight down to a single 
‘etter and a constant rate at which new letters were added from 2 to 10 
per sec. $ read aloud all that he could see. 
The results showed a 10 to 1 difference in the amount correctly reported 


When there was context present (a string of 8 letters) than when 1 


“Josef Ternus, Experimentelle Untersuchungen über phinomenale Identitit, 
Psychol. Forsch. 7, 1926, 81-136. 
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letter was present alone. Moreover, the longer spans were seen as letters. x 
of fixed form moving from right to left, while single letters underwent a E 
plastic transformation. er d 

The results set a lower boundary on the size of the perceptual ‘chunk’ : 
which is handled more or less as a unit in the process of recognition and = 


further response. 1 


VISUAL SIZE-CONSTANCY AS A FUNCTION OF DISTANCE FOR 
TEMPORARILY AND PERMANENTLY MONOCULAR OBSERVERS 


By H. W. LEIBOWITZ and R. A. Dato, The Pennsylvania State University 

In their paper on the relation between apparent size and distance, 

- Holway and Boring demonstrated that the tendency toward size-constancy 
is reduced in monocular observation. They attributed the reduction to the 
fact that fewer cues are available with monocular than with binocular 
vision. In a later paper, Taylor and Boring reported that two permanently 
monocular Os showed a similar approximation to the law of the visual 
angle? The extent of the reduction in the tendency toward size-constancy 
resulting from temporary monocularity as compared with the permanent 
loss of one eye is of critical importance to an understanding of the 
mechanisms of size-constancy. If the magnitude of the loss is the same 
for temporary as for permanent monocularity, binocular cues must be 
essential for size-constancy, but if the permanent loss of one eye does not 
result in an irreversible reduction in constancy, some sort of compensa- 
tion for the binocular cues must be assumed. 

The present study was designed to replicate and extend the work of 
Taylor and Boring. In addition to the critical importance of determining 
the extent of the loss of constancy resulting from permanent and tem- 
porary monocularity, there were two methodological reasons for re- 
éxamining this problem: (1) Because size-matches, especially for distant 
objects, show significant inter-O variability? the use of only two per- 
manently monocular Os by Taylor and Boring necessarily limits the gen- 
erality of their results. (2) Since the publication of the paper by Holway 
and Boring, a number of investigators have reémphasized the observation 
of Holaday that the attitude of O as induced by different instructions can 


* Received for publication February 4, 1965. This research was supported in part 

by Grant MH.08061. from the National aute of Mental Health, Public Health 
ice, 

‘A. H. Holway and E. G. Boring, Determinants of apparent visual size with dis- 
tance variant, this JouRNAL, 54, 1941, 21-37. $ 
f D. W. Taylor and E. G. Boring, Apparent visual size as 
or monocular observers, this JOURNAL, 55, 1942, 102-105. a 
di Holway and Boring, op. cit., 50; W. M. Smith, A methodological study of size- 
'stance perception, J. Psychol., 35, 1953, 143-153. 
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a function of distance 


280 LEIBOWITZ AND DATO 


Os were Professor Boring, three graduate students, and the wife of. 
of the graduate students, while the two permanently monocular Os u 
by Taylor and Boring were undergaduates. The Os of Holway and 
knew about size-constancy and the purpose of the study, while the 


25 


20 


9 BINOCULAR 
* TEMPORARY MONOCULAR 
X PERMANENT MONOCULAR 


MATCHED SIZE (INCHES) 


40 80 
STIMULUS DISTANCE (FEET) 


10 20 


Fic. 1. MEAN MATCHED SIZE AS A FUNCTION or DISTANCE FOR 20 
NORMAL Os OBSERVING MONOCULARLY AND BINOCULARLY, 
AND FOR 15 PERMANENTLY MONOCULAR OS 
(The diameters of the circular test-objects were proportional to the dis- 
tances at which they are viewed. The insert shows the structure of 
the test-objects.) 


graduates of Taylor and Boring were naive regarding the purpose of th 
experiment. It would seem desirable to study temporarily and permanent} 
monocular Os drawn from more comparable populations. 


The present experimental arrangement was modeled, insofar as possible, 


^B. E. Holaday, Die Gróssenkonstanz 
und äusseren Wahrnehmungsbedingungen, . ges. l, 88, 1933, 419-48 
S. Gilinsky, The effect of attitude upon the perception of size, this JOURNAL, 68 
1955, 173-192; V. R. Carlson, Overestimation in size-constancy judgments, this JO! 


NAL, 73, 1960, 199-213; Size-constancy judgments and tual compromise, J. exp 
Psychol, 63, 1962, 68-73. D pe Mah R 


K. Kume, On the relation between perceived size and viewing distance 


some consideration of factors determining size constancy, I and II, Jap. J. Psycho 
22, 1952, 235-244; 23, 1952, 32-43, 
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after the procedure used in the earlier studies, although a larger population 
of permanently monocular Os was used. The permanently monocular O's 
as well as the normal O's all were undergraduates at the Pennsylvania State 


University. 


Method. The stimuli were five circular wooden disks (see insert, Fig. 1) 
designed to subtend the same visual angle (57.2' of arc) at the viewing distances of 
10, 20, 40, 80, and 120 ft. These disks were made of Vj-in. plywood and painted flat 
white, with a reflectance of 8796 and a luminance of 0.91 ft.-L. The diameters 
of the disks were 2, 4, 8, 16, and 24 in. The disks were supported by wooden 
bases made of plywood painted flat black, with a reflectance of 396. The centers 
of all the disks were 4 ft. from the floor. Their bases consisted of two parts (see 
insert, Fig. 1). The lower part was cut from 1.5 in. wood stock and of such 
a size that the side facing O was twice the diameter of the disk; the other side, 
parallel to O's line of vision, was equal to the diameter of the disk. The vertical 
supporting part was cut from 0.75-in. stock to a width equal to one half the 
diameter of the disk. The vertical portion was anchored in the center of the 
base; the disk was positioned in front of, and centered on, this vertical support. 

O was seated at the end of a corridor which was 139 ft. long and 8 ft. wide. 
Various objects, i.e. chairs, coat-racks, and people, were present in the hallway 
during the experiment. Thus, the experimental situation provided a great many 
visual cues. A chin-rest was provided to support and stabilize O's head. At O's 
left side, there were switch-controls for a motor-driven adjustable projector which 
produced a variable spot of light on a screen located in a dark room 82° to the 
right of O and at a distance of 22 ft. The center of the spot of light (luminance- 
0.63 ft-L.) was the same distance above the floor as the disks, (4 ft.). O's 
task was to manipulate the projector control until the size of the spot of light 
appeared to be equal to that of the disk present in the corridor. O was allowed to 
turn freely from the standard-stimulus to the comparison stimulus. No time-limit 
was imposed for the matching procedure. 


Instructions. The instructions were as follows: 


Five circular objects will be placed in the hallway one ata time. You are to adjust 
the circle of light on the screen so that it appears to the same size as the object 
in the hallway. Do not take into consideration the distance or size you may thin! 

it to be, but just the way it appears to your eye. 


The five stimuli were presented according to a 5 X 5 Latin-square design. The 
trol Os were tested once 


permanently monocular Os were tested twice. The con! 

With monocular vision and once with binocular vision, half of them binocularly 
first, and the other half monocularly first. The size of the comparison-spot was 
tandomly offset between trials. 


Observers. The 20 control Os, volunteers from elementary psychology classes, 


Were 11 men and 9 women with a mean age of 19.0 yr. ‘They were unaware of 
the purpose of the experiment and unfamiliar with the phenomenon of size 
constancy. The 15 permanently monocular Os all had 20/20 vision in the 'good 
eye, with or without correction. These Os, 9 men, and 6 women with a mean 
age of 20.6 yr, were volunteers from the University student-population. The 
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duration of the visual loss varied. One O was blinded as recently as 1.5 yt. before 
the experiment, while others were congenitally blind in one eye. The extent of 
the visual loss in the ‘blinded’ eye ranged from complete absence of vision to, 
for one, 20/200 vision (with divergent strabismus). 

Results. Fig. 1 presents mean matched size as a function of distance 
for the control group observing monocularly and binocularly and for the 
permanently monocular group. At each distance, the differences among the 
groups appear to be quite small, and a two-way analysis of variance 
shows that they are not significant (F — 1.4, df = 2/22, P > 0.05); 
neither is the interaction of Groups with Distance (F < 1). Only the 
effect of Distance is significant (F = 102.2, df = 4/88, p < 0.01). 
For the permanently monocular Os, there was no appreciable correlation. 
between size-of-match and duration of loss of vision (r — 0.24, p> 
0.05). 


Discussion. The present data indicate that the functions relating matched 
size to distance are approximately linear, the curves tending to lie closer 
to a theoretical prediction based on the law of size-constancy than to 
one based on the law of the retinal image. The most striking result of 
the present study»is the absence of a significant difference between either 
temporary or permanent monocular observation and normal binocular ob- 
servation. These data are at variance with those of Holway and Boring? 
and of Chalmers? which show a reduction for temporary monocularity, as 
well as with the data of Taylor and Boring’ which show a similar reduction 
for two permanently monocular Os. 

A plausible interpretation of this apparent discrepancy is suggested by 
the results of Holaday who systematically impoverished the stimuli avail- 
able in a size-matching study over a tange of 28 experimental conditions, 
among which were included a number of binocular-monocular compari- 


Holway and Boring, op. cit., 21-37. k 
E. L. Chalmers, Jr., Monocular and binocular cues in the perception of size and 


long experienced in making monocular discriminations, gave data that more closely 
approximate the law of the visual angle than do the data of temporarily monoculir 
subjects". (See C. H. Graham, Visual perception, in S. S. Stevens (ed), Handboo 
of Experimental Psychology, 1951, 874.) 
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sons? His data indicate that under 'rich' cue-conditions (normal room 
illumination, presence of intervening objects, etc.), neither temporary 
nor permanent monocularity had any appreciable effect on size-matching, 
but that as the stimulus-situation was impoverished, both temporary and 
permanent monocularity produced a lesser tendency toward size-constancy 
than did binocular observation. In the Holway-Boring and Taylor-Boring 
studies, the corridor lights were extinguished and a minimum of cues was 
available; a similar procedure was used by, Chalmers. The present experi- 
ment, by contrast, was carried out in a university corridor in which no 
attempt was made to eliminate the cues which normally would be available. 
It would appear, then, that for adult Os the effect of temporary or 
permanent monocularity depends upon the complexity of the cues available. 
With adequate cues, as Holaday has shown, binocular cues are not critical 
for normal Os. As the stimulus-situation is impoverished, the loss of 
size-constancy is greater for monocular than for binocular observation, as 
reported by Holway and Boring and by Chalmers. 

With respect to permanent monocularity, the present data are consistent 
with those obtained by Akishige on one permanently monocular O who 
showed the same tendency toward size-constancy as a binocular O under 
normal conditions, but whose matches were lower than those made by a 
normal O observing binocularly and monocularly when cues were 
eliminated.!? They also agree with the data obtained from Holaday's one 
monocular O who showed size-constancy equal to or better than that 
shown by normal Os under rich cue-conditions, but markedly less than 
that of normal Os as the cues were progressively eliminated. These observa- 
tions with monocular Os also are consistent with the popular belief that 
permanent monocularity does not interfere with judgments of distant ob- 
jects which ordinarily are involved in such activities as athletics, the driving 
of automobiles, and the flying of planes. 

The results of the present study, obtained from a relatively large 
Population of monocular Os, are of interest in relation to the mechanisms 
Which mediate size-constancy. In this context, they are consistent with the 
hypothesis that size-constancy for distant objects is à result of. perceptual 


learning based on experience with monocular cues. It may well be the 


» 

Holaday, op. cit., 436-437, 454-456. ; 
195g hibar Alishige, Studies on constancy problem in Japan, Psychologia, 1, 
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Case that size-constancy can be mediated by a number of cues, some of 
which are redundant for adults under rich cue-conditions. Under this as- 
sumption, the loss of Size-constancy under impoverished conditions would 
be accounted for in terms of the elimination of cues which can not be 
compensated for by those remaining. This point of view is consistent with 
the data presently available, 


SUMMARY 


An experiment on size-constancy as a function of distance is reported 
in which the matches made by a relatively large number of permanently 
monocular Os were compared with those made by normal Os viewing 
monocularly and binocularly. At each distance, the matches made under 
the three conditions were ‘indistinguishable Statistically. The results are 
consistent with the assumption that size-constancy for distant objects is 
mediated by learned monocular cues as well as by binocular cues. The 
discrepancy between these results and those of previous experiments is at- 
tributed to the difference in number of monocular cues available to O. 


Developmental and intellectual processes and size-distance judgment, this JOURNAL, 
73, 1960, 268-273; Leibowitz, Apparent visual size as a function of distance for men- 
tally deficient subjects, this JouRNAL, 74, 1961, 98-100. 


SOME CRITICAL FACTORS IN PRISM-ADAPTATION 
By Harry B. Conen, Stanford University 


There is general agreement as to the kind of systematic errors in reaching. 

which are induced by wearing prisms displacing the visual field. There is 
disagreement, however, as to the relative importance of some of the 
factors which may, alone or in combination with others, determine such 
displacements. 
. A visuo-motor mechanism has been postulated with strong emphasis 
on the importance of reafferent stimulation from the musculature.! An even 
stronger emphasis on proprioceptive and motor adjustments, with a corre- 
sponding neglect of possible visual factors, was made by Harris.? As yet, the 
visual components, though tacitly assumed in the current explanatory 
schema, have not been specifically studied. This is surprising, since Kohler* 
reported an early experiment in which prisms were worn which displaced 
half of the visual field. When the prisms were removed, after-effects were 
confined to the exposed portion of the visual field. Since this effect varied 
as $ moved his eyes, as well as his head, it was assumed to be not primarily 
visual in nature. The possibility remains that there may be some specific 
visual component which may be uncovered if investigated under appropriate 
conditions. The experiments described below explore the relative impor- 
tance of visual mechanisms in prism-adaptation. Experiment I will study 
adaptation to induced displacement in a limb seen through the prism, but 
not moved by S, hence, providing little reafferent information. Experiments 
ILand II will examine the effects of exposure of a limited retinal area to the 
prism. A purely proprioceptive-motor hypothesis would be excluded if it 
were found that under certain conditions of exposure the after-effects were 
Confined to a specific portion of the visual field. 


(um procedure. The Ss fh all three experiments were drawn from a group 
°F 20 McGill University undergraduates, ranging in age from 18 to 23 yt. There 


, * Received for publication March 9, 1965. This research, part of a Ph.D. disserta- 
94m 3t McGill University, was suited by NRC grant APT-66, and DRB grant 
ae 
Roce Held, Exposure-history as a factor in maintaining stability of perception 
$ Ordination, J. nerv. ment, Dis, 132, 1961, 26-32. aes 
chang, S. Harris, Adaptation to displaced vision; visual, motor or proprioceptive 

ye Science, 140, 1965, 812-813. ^ 
übe Me Kohler, Ueber Aufbau und Wandlungen der Wahrnemungswelt: insbesondere 
t "bedingte Empfindungen,” S, B. Ost, Akad. Wiss., 227, 1951, 1-118. 
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were 10 men and 10 women. In each experiment, the Ss were equated for sex 
and handedness. 

The apparatus for producing visual displacement consisted of a pair of small, 
close-fitting goggles having a 15 X 21 X 15 mm. right isosceles prism mounted 
in one eyepiece; the other eyepiece was occluded. The goggles allowed the $s a 
monocular visual field at about 60*, which could be diminished when necessary, 
Objects in the field appeared displaced by approximately 22? toward the left 
of their true position if the prism's base orientation was toward the right, and 
the same distance to the right if the prism's orientation was base-left. After-effects 
were, therefore, in the same direction as the base orientation of the prism. 

The displacement after-effect (DAE) which resulted from exposure to the 
prism was measured by a device similar to that described by Held and Gottlieb. 
Briefly, when looking into the apparatus, the Ss could see the reflection of a 
target in a mirror so placed that the target appeared to lie on the horizontal sur: 
face of the table before them. There was an opening in the device through which 
the Ss could mark the apparent position of the targets. The mirror, however, 
concealed the $s hands and the marks they made from view. They could neither 
observe nor correct their errors of localization. Head-movements during the 
marking were minimized by the positioning of close-fitting eyepieces through 
which the Ss looked during testing. 

The common procedure for all three experiments was to allow the Ss to mark 
the apparent positipn of the target points until the scatter of their marks reached a 
consistent value, usually of the order of 1° of visual arc. This required from 3-5 
min, of practice. They were then instructed to make a total of 10 marks at each 
of the target-points. To reduce any dependence on cues provided by sequential 
movements, the Ss were told to withdraw their hands after making each mark. 
When the pre-exposure marking was completed, the Ss were instructed to close 
their eyes, lift their heads from the marking apparatus and goggles were placed 
on them. The Ss then opened their eyes and for an exposure-period of 1 min. 
reached for a target which the E placed in view before them. The hand used 
in reaching will be referred to as the active, or exposed hand. The Ss could see 
the active hand and the target displaced from their actual positions during the 
exposure-period. When the exposure was over, the Ss looked into the marking 
apparatus and closed their eyes. The goggles were quickly removed, the Ss opened 
their eyes, and repeated the marking procedure. The Ss made 10 marks on each 
target during the first 30 sec. and 10 more during the next 30 sec. Different type 
of marks were made during each marking that they could be easily distinguished. 
The difference in position between the pre-exposure and post-exposure markings 
served as a measure of the size of the DAE. 


EXPERIMENT I 


Two conditions were employed in this experiment. The active hand was 
in view during the standard 1-min exposure. In the first condition, the other 
hand was clearly visible in the periphery, but was at rest throughout the 


“Richard Held and Norman Gottlieb, A technique for studying disarranged hand- 
eye coordination, Percept. mot. Skills, 8, 1958, 83-86. 
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exposure-period. In the second condition, the 5s held their unused hands 
behind their backs with no part of the arm visible during the exposure- 
period. 

Procedure. Before exposure, the Ss marked the apparent position of the target 
which in this case was made up of four dots set at the corners of a square, 15° 
along the sides. The Ss marked first with the hand to be exposed later, and then 
with the hand which was to be passive or concealed. After an exposure period 
of 1 min. to the active hand, the prism was removed and the Ss marked the 
targets with their passive hands for 1 min. The Ss were then asked to mark the 
target with the active hand to ensure that an after-effect had been produced. Twenty 
Ss were tested. 


_ Results. All 20 Ss showed a significant DAE when marking with the 
hand which had been passive but visible during the exposure-period. The 
mean displacement was 5.2°. In contrast, no $ showed significant inter- 
manual transfer when the passive hand was not visible during the ex- 
posure of the active hand. The difference between the two conditions was 
significant beyond the 0.001 level using à two-tailed t-test for correlated 
means (¢ = 25.0). 


EXPERIMENT II A 


Experiment II was performed in order to study the transfer of DAE 
between the central and peripheral regions of retina of each eye. 

Four women and four men served as Ss. Before they looked through the 
prism, they marked the apparent position of a series of three target-points 
arranged at 20° intervals across the visual field. The 5s were instructed to 
fixate a point in the center of the field during both the pre-exposure and 
post-exposure markings, so that when marking the lateral target-points 
the peripheral part of the retina was being used. 


Procedure, There were two exposure-conditions. In the first, vision through the 
prism was limited to a central field 10° in diameter. The Ss were instructed 
to fixate an object placed in front of them, while reaching for it for 1 min. In the 
second condition, the goggles were masked to allow a 15° horizontal and a 10° 
vertical field at the edge of either the nasal or temporal periphery of the goggles’ 60° 
field. There was, in addition, a small pinhole aperture in the center of the 
mask that allowed the $s to fixate a point straight ahead. Thus, assuming no gross 
eye-movements, the two conditions achieved differential stimulation of the central 
and peripheral retinal areas. During lateral exposure, the Ss were asked to bring 
their hands slowly into the periphery of the visual field; when it was visible, they 
commenced reaching for an object in that area while fixating straight ahead through 
the pinhole for one minute. After the exposure was completed, they again marked the 
target display with the exposed hand. 


Results, The results of this study showed that if the Ss saw their hands 
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moving in the central 10? of the visual field, equally large after-effects were 


obtained at points 20° to the left, at the center, and 20° to the right of 


the fixation-point. In conditions in which the visually displaced hand was 
exposed only in the periphery of the retina, the DAE’s obtained for the 


first 30-sec. interval were significantly greater on the exposed side of 
the field than on the other parts (p < 0.01, t = 4.2, two-tailed test), 
After 2.5 min., a DAE was measurable only in the exposed periphery, 
These data appear in Table I. 


EXPERIMENT III 


The results of Experiment II suggest that the larger DAEs obtained 
from targets which fell within the exposed peripheral areas were a 
function of the retinal locus stimulated, Proprioceptive and motor learning 
which resulted from repeatedly reaching for the visually displaced object 


TABLE I 


MEAN DAES FROM 8 Ss For 3 TARGET AREAS DURING FIRST 30 SEC. AFTER 
Exposure oF A 10° CENTRAL RETINAL AREA OR A 10°X 15° LATERAL AREA 


Field tested 
Field exposed 
right central left 
right 7.9° 4.7° 3,2° 
central 9,2° 10.2° 8.9° 
left 3.4° 4.5° 9:19 


in the same part of the field relative to S’s body could also account for the 
enhanced after effects from targets on the exposed side. If the increased 
DAEs were the result of proprioceptive and motor adjustments, one would 
expect them to occur while testing without fixation, since the increased 
DAEs would be present at the same side of the Ss’ body as the exposed 
visual field, no matter where he was looking during the marking. If, on the 
other hand, the retinal area on which the target fell was crucial in producing 
the enlarged peripheral DAE found in Experiment II, then one would not 
expect any great difference between DAEs from targets which correspond to 
exposed and non-exposed retinal areas, so long as the S looked directly at 
the target which he was marking and did not fixate the center of the field. 
Therefore, in Experiment III, $s were allowed to mark targets without fixa- 
tion after exposure. 

Procedure. Eight Ss marked the apparent positions of targets 20? to the left, at 
the center, and 20* to the right of the mid-point of the 60° field of the testing 
apparatus. They then watched their hands reaching for a target in the periphery in a 


| 
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manner similar to the peripheral exposure conditions described above in Experiment 
II. The Ss, however, did not fixate the center of the target display during the post- 
exposure marking. They were instructed to look directly at the portion of the target 
display which they were marking. 


Results. The mean DAEs obtained without fixation were 5.59, 4.49, 
and 3.8° for the exposed, central, and opposite target areas during the 
first 30 sec. after exposure. There were no significant differences between 
DAEs for the three target areas. The corresponding mean DAEs obtained 
with fixation were 8.59, 4.69, and 3.3? for the same target-areas. When 
DAEs from the exposed peripheral target areas were compared, those 
from Experiment II with fixation were significantly larger than those 
from Experiment III without fixation. DAEs at the exposed peripheral 
target for these two conditions differed at better than the 0.01 level (¢ = 
52). Again, two tailed t-tests for correlated means were used in all 
comparisons. 

Discussion 


The results show that a DAE can be induced in the passive hand only when it 
is visible while the exposed, active hand is seen moving (Experiment I). Also, it 
has been found that a DAE can be confined to only one portion of the visual 
field (Experiments II and III). It is not unreasonable, therefore, to conclude that 
an important visual (as well as visuo-motor) component is involved in adaptation 
in these experimental conditions. 

The demonstration of visual factors in prism-adaptation requires an extension of 
current theories. Thus, the model proposed by Held and elaborated by Hein and 
Held cannot account satisfactorily for the results of Experiment I, where one of the 
Ss’ hands was passive and yet significant DAEs were obtained. Similarly, the hy- 
Pothesis offered by Harris cannot easily account for the visual field-effects obtained 
in Experiments II and III, since their explanations are solely concerned with changes 
in the significance of proprioceptive information from the Ss’ limbs. 

The model proposed here is based on the idea that adaptation to a displaced 
Visual field consists of a temporary reorganization of neural connections among 
cells which normally subserve visuomotor functions. This reorganization is initiated 
by a matching process between outputs of neurons which convey visual information 
and those which convey proprioceptive information as to limb and body position. 
These connections between vigual and proprioceptive systems might be formed by 
^ diffuse projection of retinal fibers which combine with projections from pro- 
Prioceptors in the limbs. Under normal perceptual conditions, these combined pro- 
jections would provide the motor system with the information needed to execute an 
Appropriate response, i.e. reaching for a seen object. When vision is misaligned by 
the introduction of displacing prisms, new response patterns must be found in 


“Held, op. cit., 26. z ; eural model for labile 
^6, Op. cit, 26-32; Allen Hi d Richard Held, A ni model for lab 
posorimotor coordinations, in E. B. Berard and M. R. Kare (eds.), Biological 
"elolybes and Synthetic Systems, T, 1962, 71-74. 

arris, op. cit., 812-813. 
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order to execute visually guided movement. This computation would be facilitated 
by the fact that the relations between proprioception and movement are normally 


to perform movement to the target. Since target and limb are seen through the 
prism, movement computed from stored information based on past experience is 
not successful. On subsequent attempts (fed back), internal reafferent input from 
proprioceptors is matched with reafferent visual input at the comparator, Here a 
new computation is made which may compensate for the size and direction of - 
error, This correction is passed on to the response control center, Success or 
failure of the attempted reach is signaled to the comparator by tactual as well as 
visual input. When the S's attempt is successful and the target is reached, antecedent 
movements and computations are reinforced. When the prism is removed, this com- 
pensation remains (as DAE) until the system is reset to the pre-exposure coordina: 
tion by normal visual, tactual and proprioceptive inputs. 

The critical factor in the production of intermanual transfer of DAE was the 
presence of the passive hand in the visual field while the active hand was seen 
moving. In this condition, there was an opportunity for both visual and pro- 


SuMMARY 


Transfers of displacement after-effects (DAE) between hands as well 
as between center and periphery of each eye were investigated following 
brief exposure to a monocular prism. Twenty Ss were tested for inter- 
manual, and eight for intraocular transfers. No intermanual transfer was 
found as long as the non-exposed, inactive hand was out of sight; how- 
ever, transfer was present if the passive hand was visible during exposure 
of the active hand. Complete transfer of the DAE was found from exposed 
central areas to non-exposed peripheral areas of each eye. When, how- 
ever, peripheral areas were exposed, DAEs were largely confined to the 
exposed periphery. These results cast doubt on any hypotheses which at- 
tribute the production of DAEs solely to proprioceptive and motor ad- 
justments. 


EFFECT OF LIGHT-PERCENTAGE, STIMULUS-LUMINANCE, 
EXPOSURE-DURATION AND THEIR INTERACTIONS 
UPON THE CFF THRESHOLD 


By Tomas J. Moore, University of Massachusetts 


The phenomenon of critical flicker fasion (CFF) has been extensively 
investigated and has achieved some popularity as a clinical test for such 
diverse conditions as fatigue, perseveration, and anxiety-reactions.* Al- 
though numerous parameters have been investigated relatively little is 
known concerning the interactions of these parameters. The importance 
of such interactions has been emphasized in recent years by a series of 
studies which seem to indicate that what appear to be contradictory find- 
ings concerning the relationship between the percentage of time the light 
pulse is on in one stimulus-cycle (P4) and CFF threshold may be recon- 
ciled by the existence of an interaction between the luminance of the 
stimulus during the on-period in any one cycle (7) and P,” 

A third parameter which may interact with other eariables is that of 
exposure-duration (ED), i.e. the amount of time that the intermittent 
stimulus is presented. Granit and Hammond have shown that increases 
in ED up to 1.0 sec. resulted in an increase in CFF-threshold.* Durations 
beyond 1.0 sec. were not investigated. 

The present study investigated the effects of three parameters (l, ED, 
and P,) and their interactions. Four groups, with 8 Os each, served in 
this study. Each group received either an intermediate or a high value of 
luminance (7) and an exposure-duration (ED) at each of three P,,-values. 


* Received for publication June 7, 1965. The author is SAID Biona 
and Biodynamics Branch, Eu Aerospace Medical Researcl Laboratories, Wright- 
Patterson AFB, Ohio. i 

‘Ernest Simonson and Josef Brozek, Effects of illumination level on visual p 
formance and fatigue, J. opt. Soc. Amer., 38, 1948, 384-595; S. Biesheuval, The 
measurement of the threshold for flicker and its value as a perseveration test, Brit. 
J, Psychol., 29, 1938, 27-38; H. E. Krugman, Flicker fusion frequency ae A function 
of anxiety reaction: An exploratory study, Psychosom. Med, 9, 1947, EA 6. 

, Carney Landis, Determinants of CFF threshold, Physiol. Rev; 3i ete, 

S. H. Bartley, Some factors influencing critical flicker frequency, J. Psychol, 
46, 1958, 107-115; S, H. Bartley and T. M; Nelson, Bauen o Ea ERHET 
cycle fractions in producing critical flicker frequency, J. opt. Soc. Amer, 20 F erminant 
144: V. V. Lloyd and Carey Landis, Role of the light-dark ration as a determinant 
of the flicker-fusion threshold, ibid., 50, 1960, 332-336. i 1 and 

R. A. Granit and E. L Hammond, Comparative studies on the peripheta fn 
central retina. V. The sensation-time curve and the time course of the Fito fe 
quency of intermittent stimulation, Amer. J. Physiol, 98, 1931, E Eoo: 
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Method: Apparatus. The intermittent Photic stimulus was produced by. 
electronic source (Grason-Stadler Flicker Fusion Apparatus, model E622), 
drove a cold cathode glow modulator tube (Sylvania R1131C). 

The point-source of light, which was located 24 in, from O's eyes, was cen 


of a series of determinations made with a Macbeth Illuminometer at O's eye-le 
` The study was run in a darkened room in which illumination was provided 


the task. The test-patch, surround, and room-illumination were then extingu 
to allow partial dark-adaptation. At the end of 5 min. the Surround was turned on 


Signed. The stimulus was first presented at a frequency where it was certain it wol 
be seen as ‘flickering.’ The frequency was then increased by steps of 10-c.p.s, 


for his group, 
Observers. The Os consisted of 32 men drawn from introductory classes in 
LL we 


ceived one of two values of two variables: 7 (7.72 and 32.32 mL), and ED (0.5 a 
1.5 sec). Thresholds were obtained at three P;-value (20, 50, and 90% 


Order of presentation of the P, was tandomized within each group. 
were uncompensated, 
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an analysis of variance, with J and ED as between Os and P, as a within 
Os. The data contributing to the two significant main effects revealed 
that CFF-threshold varied directly with I (p < 0.025), and inversely with 
P, (p < 0.001), with a slight drop in threshold between P, = 20% and 
P, = 50% (1.25 cp.s.) and a large drop between P; = 50% and 
P, = 90% (13.26 c.p.s.). 

Of greater interest for purposes of the present study are the interactions. 


TABLE I 
MEAN CFF VaLuEs iN CPS ror COMBINATIONS OF Pz, I AND ED 
ED 
Tr I (mL) 
0.5 sec. 1.5 sec. 
20%, 7.72 33.67 36.94 
KC 32.32 40.81 36.27 
50% 7.72 32.88 34.71 
i 32.32 39.85 35.25 
90% 7.72 19.07 21.15 
a 32.32 26.29 23.85 
40) e 
38| 
a 3 0.5 sec. 
a 
T 3 
R- 32 ommum 15:986 
"E 
LL 
3p 
7.72 32,32 
STIMULUS- LUMINANCE 
(mL) 


Fics 1. INTERACTION oF I x ED 


The significant double interactions are I X P; (p < 0.01); and I x ED 
(P < 0.05). The I x P, interaction was significant primarily because of a 
Proportionately greater drop in threshold at the 90% Pz for the 7.72-mL 
stimulus. More interesting are the functions for the I X ED interactions 
shown in Fig. 1. The function for 0.5 sec. displays the expected relation 
that as I increases, CFF threshold increases. The function for 1.5 sec. 
indicates, however, that there was no significant change in threshold 
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between 7.72 and 32.32 mL. Inspection of the functions for the 7 
X P, interaction (P < 0.025), shows that this lack of significant 
ference between the CFF thresholds for 7.72 and 32.32 mL at 1.5 sec. E 
exists at each of the P,s employed in the present study (Fig. 2). 
Discussion. 'The main effects are similar to those which have been. 
viously reported, with an increase in the level of 7 causing a rise in thr 


4 


CFF (cps) 


7.72 m $4 


0.5 sec. E D R 


FiG. 2. INTERACTION oF I x P, FoR EAcu ED 


old and an increase in P, 
cant I x P, interaction is 


"Ross McFarland, A, B. Warten, and Charles Karis, A| ions in critical f 
req) action e Arr Iternat tical 
bo 3s a function of age and light-dark ratio, J; exp. Piychol, 56, 


“Bartley and Nelson, op, cit, 241-244; Lloyd and Landis, ob. cit, 332-336. 
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of flicker or fusion. Because of this the cycle with the greater contrast, ie. 
the higher level of I, would be easier to perceive as flickering and would 
therefore result in a higher CFF threshold. The longer presentation-time 
may have enabled O to adopt an alternate, more stable, judgment criterion, 
thus yielding approximately the same threshold for each of the two levels 
of I. 


LOCAL ADAPTATION TO INTERMITTENT LIGHT AS A 
FUNCTION OF FREQUENCY AND ECCENTRICITY 


By NORMAN GINSBURG, State University of New York, Oneonta, N.Y, 


Critical flicker frequency (CFF) can be influenced by a variety of vari- 
ables; physical (intensi » area), physiological (drugs, ablation), and 


MetHop 
Two methods have been used to measure local adaptation; either frequency is held 
Constant and time measured, or time is held constant and frequency measured. In the 
first case, the stimulus is made to flash at a frequency a few cycles below the CFF and 
the time required for fusion to occur is measured.* In the second, the CFF is mea- 


Observers. The Os, 15 in number (7 men and 8 women), were composed of 2 
Psychologists and 13 Patients at the New York State Psychiatric Institute. The 


ranged in age from 17 to 33 yr, median 24 yr., were not experienced. At the time 
of their dischange, 1 of the Patients was diagnosed as à psychoneurotoc; 12 as 
schizophrenics, 


The apparatus was calibrated and checked during the experiment with an electronic 


* Received for publication June 14, 1965. Th 
icatic n - These data were collected at the 
New York State Psychiatric Institute. The writer is indebted to the late Carney 


A. Granit and Wilma von Ammon, Comparative Studies on the peripheral 


hers retina: III. Some aspects of local adaptation, Amer. J. Physiol, 95, 1930, 


^L. A. Riddell, Local i i " 5 ; : 
K Physiol, 84, 1935, ws to flicker and its relation to light adaptation, 


Snell, An introdi cti ; ^ A 
Mot. Pict, Engrs., 20, 1933, RD fiesrimentat Study of visual fatigue, J. Sor 
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counter (the Berkeley-Events-per-Unit-Time Meter, Model 5556B made by Beckman 
Instruments, Inc., Richmond, California). The frequency of the stimulus was re- 
corded continually on a Varian recorder. The light source was placed 5 cm. behind 
a sheet of Plexiglas. A 3-cm. disk of light at a distance of 1 m. from O provided a 
target of 1° 45' with a luminance of 15 m£.; the surround was a gray cardboard of 
0.25 m£. The room was illuminated by an overhead, 100-w bulb; the luminance 
of the walls measured 1 m£. During peripheral stimulation, a white bead of Y-in. 
diameter was fixated binocularly, the fixation-point being moved vertically from the 
target for different eccentricities. 

The rate of intermittence of the stimulus was changed automatically with an 
acceleration of 4 ~/sec./sec. This rapid rate was used since LA drops approximately 
80% after a 20-sec. delay.‘ During CFF measurement, the direction of change in fre- 
quency was controlled by O who, on command of E, pressed a push-button (causing 
frequency to decrease) and released the button (causing frequency to increase to 
a maximum of 60 —/sec.) when the target first appeared to flicker. 

Procedure. Each trial consisted of a CFF determination by the descending method 
of limits, then exposure to the adapting stimulus, then another CRF determination. 
The amount of LA was determined by subtracting the second value from the first. 
Each O was tested at 8 retinal positions: 0, 3, 5, 7, 9, 11, 13, and 15°. The fre- 
quency of the adapting stimulus was always set relative to the CFF that had just been 
obtained. The following settings were used: —30, —20, —10, 0 (at the CFF), 
10, and 20 ~/sec. The duration of the adapting stimulus was 10 sec. A control 
condition also was used in which the shutter, which measured the same luminance 
as the surround, remained closed for 10 sec. prior to the second CFF determination. 
Each adapting stimulus was used at all retinal positions, so that each O contributed 
48 LA plus 8 control values. 

After an initial day of practice, there were seven daily experimental sessions, each 
consisting of eight trials, one at each retinal position. In all, eight orders of presen- 
tation of retinal position were used for the Os, but for any given O, the same order 
was used throughout the experiment. 


Results. The mean values of CFF before adaptation were (from 0° to 
159): 42.6, 43.2, 43.5, 44.2, 44.7, 44.4, 43.5, and 41.9 ~/sec. 

In Fig. 1, LA is shown as a function of the frequency of the adapting 
stimulus, and in Fig, 2 as a function of eccentricity. Since the curves for 
practiced and naive Os were very similar in both figures, the data from 
both groups were combined for purposes of analysis. 

Analysis of variance indicates that the effects of both frequency and 
eccentricity are significant at the 0.19% level. (F = 94.56 and 10.71, df 
= 6 and 7 respectively; df = 84 and 98 for the error terms.) For fur- 
ther analysis of the data, the Duncan range-test was used. With four ex- 
Ceptions, each frequency yields significantly more LA than those to the 
right of it in Fig. 1 (p < 0.01). The exceptions are: —30 vs —20, 20 


ing Adolph Streng, Jr. and Norman Ginsburg, Time decay of local adaptation to 
tmittent light, Amer. Psychologist, 19, 1964, 719. 


298 GINSBURG 


VS C, 10 vs C, and 10 vs 20. Similar analysis of the eccentricity data 
shows that 0° to 39 do not differ significantly, but both yield signifi- 
cantly less LA than all points from 7? to 159, None of the points from 
7? to 15? differ significantly from each other. 

Discussion. Granit and Von Ammon reported that with central fixation 
there was little or no LA.° The present results show that, although LA 
is greater in the periphery, there is a considerable amount in the fovea, 
The difference in result may be dte to a difference in method; Granit and 
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4.1 respectively. The duration of the adapting stimuli in the experiment 
of Alpern and Sugiyama was 3 min.; in the present experiment, it was 
10 sec. It may be that the shorter period of adaptation is more sensitive 
to differences in frequency. 


From the effect of frequency on LA one could predict a difference in CFF 
between ascending and descending trials in the method of limits. We would expect 
ascending as compared with descending values to be depressed since lower fre- 
quencies produce more LA and the test-stimulus itself would act as an adapting 
stimulus. This predicted difference has been shown to occur.’ 

Granit and Von Ammon have found that LA increases as a function of time to at 
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least 6 sec.’ Alpern and Sugiyama have reported an increase to 10 ce A 
ascending method of limits, the lower the starting point the longer $ is Sa 
the flickering target, which could function as an adapting stimulus. We would 
predict lower CFFs for lower starting points, a result which has been obtained by 
Ryan, Bitterman, and Cottrell.” 

The finding of differences in LA due to differences in frequency of the adapting 
stimulus has implications for possible neural mechanisms underlying LA. The te- 
sults of two experiments in which impulses from single on-off fibers of the retina 
and visual cortex of thé cat during intermittent light stimulation have been 
recorded show that, at low rates of intermittence each pulse of light elicits cos 
impulses; as flash-frequency increases, the number of nerve impulses for each light- 
Pulse decreases until each flash evokes a single impulse; and that opi 


"Ginsburg, Ascending-sescending differences in CFF as a function of eccentricity, 
Amer. Psychologist, 18, 1963, 456. 

Oe aad yon Ammon, op. cit., 229-241. 
pern and Sugi: . cit. -1385. BH ii 
"s Ryan, M. E. Berman, and C. L Cottrell, Relation of critica fusion 

Tequency to fatigue in reading, Illum, Engng., 48, 1953, 385-591. 
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quencies, firing becomes sporadic or disappears altogether." CFF is defined by these 


workers as the highest rate at which impulses in the single cell can keep in step with 
the pulses of light, 


exposure to flash rates below CFF should result in a lower CFF; that is, in LA. 


SuMMary 


and that local adaptation depends on cortical cells that mediate the ac- 
tivity of retinal on-off fibers, 


" Christina Enroth, The mechanism of flicker 
S lements in the dark-adapted eye of the cat, Acta Physiol. Scand., 27, 1952, Suppl. 


> Arch, ges, Physiol, 263, 1957, 668-681. 
Rep ceod and A. W., Heyer, "i i -effects, 
Poglal Rev, 59, 1931, os. eyer, A new interpretation of figural after-effect: , 


and Creutzfeldt, 9b. cit., 668-681, 


THE RELATION OF FITTINGNESS, 
WORDNESS, AND POLARITY OF CONCEPTS 


By BERT ZIPPEL and JAMES R. Dotson, University of New Mexico 


Wertheimer hypothesized that words rated as ‘fitting’ are more extreme 
on Osgood's semantic differential scales than words rated as ‘less fitting’.? 
‘Fittingness’ is the judged appropriateness of the sound of a word to its 
- meaning. Selected words judged as fitting and nonfitting were rated on 10 
different semantic differential scales with the fitting words showing signifi- 
cantly greater extremity of ratings than the nonfitting words. More 
- recently, Jenkins reported 'extremeness' ratings, which he called degree of 
polarization, for 360 selected concepts.? If there is a relationship between 
- fittingness and polarity, as suggested by Wertheimer, concepts of known 
— high polarity should be judged as more fitting than concepts of known low 
polarity. An alternative explanation of fittingness, however, would be that 
highly familiar words fit their meaning as the result of association and use, 
That is, fittingness is more closely related to ‘wordness’ than to the amount 
of meaning of the word. 

It was hypothesized that: (1) fittingness is positively related to polarity; 
- (2) fittingness is positively related to wordness; and (3) fittingness is 
More closely related to wordness than to polarity. 

Method: Subjects. The Ss in the experiment were 100 undergraduate students. 
All of them rated the concepts chosen on the dimensions of fittingness and word- 
m Semantic differential ratings of the concepts were also obtained from 31 of 

ese Ss. 

Design. A list of 30 concepts was chosen from Jenkins’ Atlas. The polarization of 
the chosen concepts ranged from a high value of 8.35 through steps of approxi- 
mately 0.24 scale-points to a low value of 2.24. The seven bipolar scales that best 
“Tepresented each of the major factors found by Jenkins, Russell, and Suci were 

used for the semantic differential ratings? The 30 concepts were randomly ordered 
0 mimeographed sheets with the 7 scales below each concept, To measure wordness 
“And fittingness, the 30 concepts were randomly ordered on each of two mimeo- 
8taphed sheets with appropriate instructions for judging wordness and fittingness. 


* Received for publication July 2, 1965. " 

a Michael Wertheimer, ne Pea between the sound of a word and its meaning, 

Wis JOURNAL, 71, 1958, 412-415. 1 ; 

oJ: J. Jenkins, Degree of polarization and scores on the principal factors for 

Concepts in the semantic atlas study, this JOURNAL, 73, 1960, 274-279.. f 

T J. Jenkins, W. A. Russell, and G. J. Suci, An atlas of semantic profiles for 
Words, this JOURNAL, 71, 1958 688-699. 
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Procedure. The 30 concepts were rated on the semantic differential scales by 31 Ss, 
All 100 Ss rated the 30 concepts on fittingness and wordness with the order of 


not a word. 


Results and discussion. Table 1 contains the polarity ratings obtained 
for the 30 concepts based on the seven-scale semantic differential used 
and the frequency of ‘yes’ responses for the judgements of fittingness and 


TABLE I 
Wonpwzss, FiTTINGNESS, AND Porarity RATINGS FOR 30 SELECTED CONCEPTS 
Concept Word- Fitting- Polarity Concept Word- Fitting- Polarity 


ness ness ness ness 

argon 68 16 2.01 heavy 94 62 1.39 
bad 5 56 3.03 kitchen 96 23 2.71 
beautiful 96 54 3.71 lady 92 35 2.86 

odkin 32 14 1.46 lemur 56 24 1.00 
clean 96 63 2.86 lizard 92 52 1.70 
cold 97 61 1.83 mild 96 77 2.58 
delayed 94402 35 6G music 93 42 — 2.4 
doctor 91 29 2.66 pliable 95 71 2.52 
dreary 97 84 2.73 pretty 92 49 3.45 
elevated 95 44 1.76 shady 94 54 2.15 
fat 95 55 3.06 short 96 58 1.13 
fervid 56 38 2.49 stiff 97 80 2.39 

leecy 92 83 3.39 symphony 96 56 2.95 
god 94 39 3.25 trees 94 28 2.12 
gojey 5 15 1.08 wagon 95 20 2.92 


those obtained by Jenkins. Thus, the obtained polarity ratings are com- 
parable to those originally scaled by Jenkins. 

The r obtained between polarity and fittingness was only 0.31 which is 
not significant with an N of 30. With Wertheimer’s results in mind, it is 
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scores. The rho obtained between wordness and fittingness was 0.65 
Mp < 0.001). Thus, fittingness seems to be related to wordness. Concept 
“names judged as words are perceived to fit their meanings better than 
concepts not consistently judged as words. 

The value of rho obtained between polarity and wordness was 0.26 

which is not significant, The values of wordness were classified further, 
"however, into concepts rated 90% or above and concepts rated below 90%. 
he biserial correlation between these categories of wordness and the dis- 
tribution of polarity scores was 0.71 (p < 0.01) indicating a gross relation 
between wordness and polarity. 
- These relationships indicate that polarity probably is related to fitting- 
“ness but only with regard to gross divisions between high and low polarity 
"concepts. Differentiation among meaningful concepts probably does not 
relate to fittingness, but differentiation between meaningful concepts and 
relatively meaningless concepts does differentiate between fitting and non- 
fitting names of concepts. 


SUMMARY 


_ Ratings of the fittingness of 30 selected concept names to their referents 
were obtained from 100 Ss, who also rated whether these same concepts 
were words. Polarity scores based on a seven-scale semantic differential 
"Were obtained from 31 of these Ss for the 30 concepts. Polarity did not 
correlate significantly with fittingness (r — 0.31). Fittingness did correlate 
‘significantly with wordness (tho = 0.65) indicating that concept-names 
judged as words are perceived as fitting their referents better than concept- 
Dames not consistently judged as words. 
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A PHOTOVOLTAIC PLETHYSMOGRAPH 
CALIBRATED FOR TISSUE-DENSITY 


By Roy J. KRUSBERG and HERBERT ZIMMER 
University of Georgia 


Digital blood flow as an index of peripheral vasometer activity has 
been of considerable interest to many investigators, because of its sensi- 
tivity to systemic and environmental influences. Three major methods have 
been employed to derive an index of blood flow from the intact human 
organism; 


have been commonly employed so far, are Subject, however, to a substantial memory 
for light, which has a marked effect 9n their subsequent resistance, and usually 
requires an A.c.-coupled amplifier. Both of these factors limit such cells to the 
recording of relative changes in light transmittance, and rule out the possibility of 
calibrating them even in an interval-scale, 


ddon, and Dean's critical review! Since the present paper proposes a 
new and different solution to the problem of plethysmography, it is not 


* This study was conducted in the Bioelectroni, h 
Dn) ? ctronic Computer Laboratory of the 
University of Georgia, and sen by the Air Force Office of Scientific Re- 
eu 30(602)-3380, "65, and Rome Air Development Center, Con- 


- C. Brown, D. B. Giddon, and E. Dean, i : 
Psychophysiology, 1, 1965, 255-266. UN Pare Perec 
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to the problem. The photovoltaic cell appeared to have the desired 
stability, linearity, and lack of memory to make it suitable for calibration, 
if sufficient sensitivity could be derived from its very low voltage-output 
without introducing undue distortions in the cardiovascular phenomena 
under observation. Subsequent work with various photovoltaic cells con- 
firmed their initial promise, leading finally to the design of a transducer 
which met the requirements demanded of it: 


(1) It is calibrated in a derived ratio-scafe with an absolute zero value: units 
of optical density of tissue D — log,4L/L, which range from 0 to 5. D designates 
optical density, L is defined as the total illumination on the surface of the tissue, 
while Z’ is that fraction of the total illumination which remains after being trans- 
mitted through the tissue. 

(2) Its voltage output is a linear function of tissue-density, and remains directly 
proportional to it at any time. Unlike photoresistive cells, its output is unaffected by 
previous levels of illumination. 

(3) It tracks changes in tissue-density with a response-time of less than 20 psec., 
which is fast enough to reproduce most physiologic wave-forms quite accurately. 

(4) It does not modify the physiologic parameters under study, since it does 
not restrict the flow of the blood, is chemically inert, and maintains a temperature 
of less than 31°C. over a period of 6 hr. at the point of contact between the 
source of illumination and the skin. "i 

(5) It operates on D.C., and is, therefore, not a source of radiational interference 
for other transducers and instruments. 

(6) It has little or no influence on the reactions of the Ss, since it can be worn for 
hours without creating discomfort. 

(7) It is suitable for telemetry applications, since it does not interfere with the 
S's freedom of movement, and introduces negligible movement-artifacts. 

(8) It can be expected to retain its initial performance-characteristics through 
many years of use, since its components are exceptionally durable and are pro- 
tected against ordinary mechanical and chemical damage by being hermetically sealed 
in epoxy resin. 

(9) Its output (20v.) makes this transducer with its amplifiers compatible with 
et te systems, and provides for a high resolution of the wave-forms of 

€ pulse. 


The transducer consists of,a Solar Systems 404A2200LC silicon solar cell and a 
number 345 tungsten lamp, embedded in a block of solid epoxy resin, measuring 
21 X 13 X 14 mm., which has been rendered opaque by the inclusion of finely 
powdered lamp black, except for two translucent areas covering the lamp and 
the solar cell. The 5 X 5 mm. solar cell is centered on the 21 X 13 mm. surface 
of the block, sunk 0.5 mm, beneath it, and covered with clear epoxy resin. A cylinder, 
6 mm. in diameter, with its circumference 2 mm. from the solar cell at its closest 
point, encloses the lamp. A tungsten lamp, with a color temperature of about 2840 
K, was chosen, since its spectral energy distribution between 400 and 1200 mp 
covers the area of maximal sensitivity of the solar cell, thereby eliciting the most 
eficient response from the cell which then yields maximal voltage-output, The 
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lamp is energized by 6-v. D.C. and draws 0.04 À. The mode of attaching the 
transducer to the organism varies with the aspect of cardiovascular system which is 
to be monitored. Since the voltage- and illumination-levels of the lamp are held 
constant, all changes in reflected light impinging on the photovoltaic cell represent 
changes in the optical density or light-transmittance of the tissue. Fluctuations. in 
line voltage are corrected by an automatic voltage-regulator to within 0.25% of 
the total voltage. 

The selection of a silicon solar cell over cadmium sulfide or cadmium selenide 
cells for this application was determined by (1) its lack of light memory, which 
results in stable, consistent and repeatable density measurements at all times; (2) 


OPTICAL DENSITY 


PORTION OF 
CURVE USED 


300 350 400 


MILUVOLTS OUTPUT 


Fig. 1. OPTICAL DENSITY or Tissug CALIBRATED IN 
VOLTAGE-EQUIVALENTS 


its very fast Tesponse-time, between 5 and 20 usec., which is far in excess of any 
observed tissue-density changes, 
them; and (3) a low D.c-voltage-output, which is compatible with the input-level 
requirements of high-gain, P.c-coupled amplifiers. Light from a number 345 tungsten 
lamp transmitted through a stepped film tablet, which i3 calibrated in units of optical 
density, was used to determine the equivalent voltage-output from the silicon solat 
cell Produced by the gradated steps of optical density, The resulting calibration curve 
is shown in Fig. 1. To obtain the largest number of calibated steps, the stepped 
film tablet should cover Primarily the Operating range of the transducer, rather than 
the complete Spectrum of optical density. A tablet with over-all dimensions of 8 X 10 
in, with an optical density range from 0.90 to 1.65, will yield 16 steps of 12.70 


tablet can be obtained from a producer of phot 
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ity reading of the tissue, as a baseline and point of reference, with the tran- 
vasomotor changes superimposed on it. In this manner, a record is obtained, 
ly of the successive pulse-waves, but also of the slower shifts in vasodilation 
constriction, always in terms of the optical density of tissue. The main disad- 

of photovoltaic cells is their low voltage-output, in this case about 100 mv., 
h necessitates careful shielding of the transducer and the 5 against noise, since 
derable amplification is required, The cell-output is loaded by an 18 KQ 
; to obtain a near maximal voltage-output, which is linear with respect to light 
n The choice of an 18 KQ resistor also places the cell in an operating range 

hin which temperature-fluctuations have the’smallest influence on voltage-output. 
ents of Ss with average melanin-distribution on the volar surface of the 
joint of the dextral, middle digit yield readings of optical density between 


Fic. 2. DIAGRAM OF CIRCUIT FOR PHOTOVOLTAIC PLETHYSMOGRAPH 


and 1.55; a portion of the curve for which a linear relationship between density 
tovoltaic output obtains. 

computer-system for which this transducer was designed requires an input of 
lÜ v, or a range of 20 v. This requirement is met by using two operational 
plifiers in series, to produce a total gain of 400. While the needed gain could be 
d from a single amplifier, better stability, accuracy, and regulation can be 
ted from the modest gain of each stage of amplification, since the appropriate 
Il and feedback resistors represent moderate values and have impedance-character- 
$ which match transistor amplifiers. Furthermore, changes in open-loop gain 
the amplifiers with age and other degradation will have less effect on the total 
m gain, when the amplification derived from each stage is low. The photo- 
ic cell with its 18 KQ load resistor is connected to the positive input of the 
mplifier, which provides an amplification-factor of 40. The negative input is 
inected to the common bus through a 1000 @ resistor, and to the amplifier output 
a 40 KQ resistor. Therefore, the feedback-voltage from the amplifier-output 
‘summing point will be one-foretieth of the output-voltage when the negative and 
Ive inputs are at equal potential, resulting in an amplification-factor of 40. 
second stage of amplification is accomplished with an identical operational 


amplifier, which (1) inverts the si 
through a 10 KQ resistor in its f. 
a zero-set control to facilitate the placement of the output- 
range required by the computer-system, which records 
0.0001 optical density-unit. Such accuracy is five times that 
mately 0.195 accuracy of the transducer and its amplifiers. 
useful with other recording devices of more limited resolvin, 
The voltage-output of the photovoltaic cell is greatest 
from the lamp is at its peak, which coincides with the ei 
of the pulse-pressure wave. Likewise, voltage- 
systolic portion of the pulse-pressure wave reac! 
form derived from the Photovoltaic cell is upsi 
graphic representations of the pulse-wave. For tl 
in the sécond stage of the circuit inverts the si 
prevailing custom, and thereby avoid confusion 


ignal, and (2) provides an additional gain of 10 
eedback network, The second stage is equipped with 
voltage exactly within the 
differences as small as a 
warranted by the approxi- 


The transducer is equally 


when the light transmitted 
nd of the diastolic portion - 
Output is at a minimum when the 
hes maximum. Therefore, the wave- 
de down with respect to traditional 
his reason, the Operational amplifier 
gnal to make it consonant with the 


A SIMPLE METHOD FOR PREPARING SILVER-SILVER 
CHLORIDE ELECTRODES FOR RECORDING OF 
SKIN-POTENTIAL 


By REGINALD E. Qui.TER and WALTER W. SuRwiLLo, National 
Institutes of Health 


Although stable, high-impedance, p.c. amplifiers in the 0.1 mv. range 
have made recording of the Tarchanoff effect available to most laboratories, 
electrodes continue to pose a problem. In order to measure accurately 
electrical potentials of the skin, the bias potential of the electrodes must 
be negligible at the level of amplification used and stable (relatively free 
from drift) over the period of time the electrodes are attached to a sub- 
jet. While the Ag-AgCl electrode has usually been preferred. over all 
others, numerous different types and variations have been used. 


The best available, as far as bias-potential and drift-characteristics are concerned, 
are the Ag-AgCl sponge-electrodes of O'Connell and Turgky. Referred to as 
"thermal-electrolytic" electrodes in the electrochemical literature, their excellent 
electrical characteristics are apparently due to the very large effective surface area 
between electrode and jelly which is afforded by the chloridized sponge.” Un- 
fortunately, they are not easy to prepare outside of the chemist's laboratory. Ford 
and Leonard described a method of preparing Ag-AgCl disk-electrodes in which 
the usual solder junction between disk and stem is eliminated and replaced by a 
welded joint, with no flux or foreign metal present? Although details concerning 
bias and drift were not reported, the electrodes were apparently made for use in 
E Mv range. Special equipment and considerable practice is required to fabricate 
them. 

The Ag-AgCl electrodes described in this communication are easy to prepare. 
At the same time, they have bias- and drift-characteristics that are suitable for most 
applications. 


* From the Gerontology Branch, Baltimore City Hospital, Baltimore, Maryland 
; D. N. O'Connell and Bernard Tursky, Silver-silver chloride sponge electrodes 
Or skin potential recording, this JOURNAL, 73, 1960, 302-304. For data in which 
dE nM Ag-AgCl sponge electrodes are compared with those of 
other types of electrodes, see D. N. O'Connell, Bernard Tursky, and M. T. Orne, 
lectrodes for the recording of skin potential, Arch. gen. Psychiat., 3, 1960, 252-258. 
G. J. Janz and Harry Taniguchi, The silver-silver halide electrodes: Preparation, 
stability, reproducibility, and standard potentials in aqueous and non-aqueous media, 
v7. Rev, 53, 1953, 397-437. 5; 
"Adelbert Ford and J. L. Leonard, Techniques for recording surface bioelectric 
fect currents, U, S. Navy Electronics Lab., San Diego, Calif., Res. Rep. 839, 1958. 
limination of the solder junction and of the various kinds of paints, varnishes, and 
plastic coatings that have been used to cover it is the outstanding feature of the Ford- 
€onard electrodes. 
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Construction of electrode. Each electrode was formed from a piece of high, fine- 
grade silver (99.99% pure) wire, 0.020 gauge and approximately 13 in, long. The 
length of wire was first cleaned with very fine silicon grit paper; then approxi- 
mately 9 in. were wound into a flat spiral of 6 turns. A spool-like jig, made from 
lucite, was used to accomplish the winding. Fig. 1 shows details of the construction 
of the jig as well as the manner in which the spiral was wound. The finished elec- 
trode was % in. in diameter, with a 4-in. stem that originated from its center, 


H 1 -9/16" — —] 


Fig. 1. Jig Usen To WIND ELECTRODES 


The two halves of the jig were held tightly together and 
the wire was wound by hand in the slot. 


Surface area of the spiral was 0.44 sq. in., which is equal to the area of one side of 
a disk-electrode 34 in. in diameter. Since more turns are easily added to the spiral, the 
surface area of the electrode may be readily increased if desired, 


rinsed in a 1% solution of HCI, and finally placed in distilled water prior to 
electroplating, In all cases the distilled water used in the preparation of electrodes 
had been distilled in Blass; all chemicals used met A.C.S. specifications. 
Chloridization, Electrodes were Suspended vertically by the tip of their stems in a 
glass cylinder that contained a 1% (by volume) aqueous solution of 12N HCl. The 
level of the solution was approximately 1/ in. above the spiral so that a portion 
of the stem could also be chlorided. With the electrodes serving as the anode and 
a piece of high, fine-grade silver as the cathode, a constant (electronically controlled) 
current of 4 ma, per electrode was allowed to flow for 90 min. To prevent formation 
of bubbles on the electrodes, the electrolyte was stirred continuously. The ¢lec 
trolytic cell was enclosed in a dust-free boy that excluded all light, and great care 
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was taken to avoid contaminating it with foreign, metal ions, The cell we used 
could accommodate 6 electrodes at one time, 

After the electrodes were removed from the electrolytic cell they were washed with 
distilled water and allowed to dry in air. The chlorided portion of the stem was 
coated with tygon paint* to protect the AgCI layer from damage when the electrode 
was inserted into its cup. A dab of tygon was also applied to the end of the outer 
turn of the spiral so that the end could be anchored to the adjacent turn. It is 


* .020 GAGE 
Ag WIRE 


CALIBRATED ZERO DC. 
SUPPRESSION AMPLIFIER 


TO REFERENCE 
ELECTRODE 


Fic. 2. Ac-AcCL Wine ELECTRODE AND POLYSTYRENE CUP 
Upper portion shows construction of the cup and the electrode, while the lower 
Portion shows how both parts are assembled and the manner in which the elec- 
trode is connected to the p.c. amplifier. 


important that the electrodes be handled only by the unchlorided portion of the 
stem; great care must be taken to avoid touching the chlorided spiral, either with 
the fingers or with any kind of tool. Electrodes were suspended vertically by the 
tips of their stems whenever they were left to dry or were stored. 

Preparation for use. An electrode was used only in conjunction with its polystyrene 
“up, which held a contact medium as well as the electrode. The cups were turned 
from 1 in, round stock and had a chamber that was 34 in. in diameter and 9/32 in. 
deep. A hole, #60 gauge, was drilled through the center to allow the stem of the 
electrode to pass through. The other dimensions are not critical; they depend on the 
Patticular method that is used to attach the cups with electrodes to the S. 

_ When the electrode had been placed carefully into its cup, the chamber was 


“Obtained from United States Stoneware Co, Akron, Ohio. 
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completely filled with an agar paste that was made by mixing together approximately 
2 gr. of agar and 10 cc. of a 596 (by volume) aqueous solution of NaCl. Care 
should be taken that the paste is not too thin, since the NaCl solution then has a 
tendency to seep out of the chamber and along the stem of the electrode. Fig, 2 
shows an electrode and its polystyrene cup, and the manner in which both were 
assembled, 

To check a pair of electrodes prior to use in a test, the two cups with their 
electrodes were placed in a jig which allowed the agar surfaces to be brought into 
contact. The jig, which was made from lucite in the shape of a 'U, so held the 
cups that the stems of the electrodes rested in a horizontal position. The pressure of 
contact between the two agar surfaces could be adjusted by means of a screw which 
moved one cup closer to the other. Only a small amount of pressure is necessary to 
maintain good contact between the agar surfaces. Too much pressure will force the 
paste out of the chamber and along the stem of the electrode. Miniature-type alliga- 


TABLE I 
ELECTRICAL CHARACTERISTICS OF AG-AGCL WIRE ELECTRODES 
; Biast Drift Change in Biast 
Electrode Times* (m.v.) (m.v./20 min.) (m.v.) 
pair used — = 

M SD M SD M SD 
A ri .20 -15 .05 .06 .23 21 
B 75 .10 .10 .05 .05 3 35 


* Each use represents approximately 90 min. of recording. 
l Measured immediately before electrodes were attached to S. 
Difference between bias measured before electrodes were attached to S and bias 
measured after they were removed. 


tor clips (see Fig. 2) were used to connect the electrodes to a p.c. amplifier. A 


freshly-made pair of electrodes should be discarded if the bias potential exceeds + 
0.1 my, 


After a pair of electrodes has been used, the electrodes should be removed from 
their cups, washed in distilled water, and stored by suspending them vertically in a 
196 aqueous solution of NaCl. Care must be taken that the level of this solution 
does not rise over the portion of the stem that is coated with tygon. Each pair of 


electrodes should be shorted together and the glass vessel with the NaC! solution 
stored in the dark. 


If the method is followed carefully, Ag-AgCl wire electrodes with bias 
potentials less than 0.10 my. (absolute value) are readily obtained. Of 
greater importance, however, is the stability of this value over-time, and 
over the successive times that the electrodes are used. Long-term electri- 
cal characteristics of two pairs of electrodes made in this laboratory are 
shown in Table I. Pair ‘A’ in Table I was used for 28 weeks until one 
of the electrodes developed a crack in the chlorided surface. Pair B' 
remained in service for 39 weeks, when a large (nearly 2.0 mv.) bias 
potential suddenly developed and the electrodes had to be discarded. 
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Connell eż al. have tested the Ag-AgCl sponge, the ordinary Ag- 
Cl disk, and the chlorided EEG electrodes, and have listed their elec- 
al characteristics. In terms of bias and drift, the Ag-AgCl wire-elec- 
les described are far better than ordinary Ag-AgCl disk or chlorided 
electrodes. They also compare favorably with the Ag-AgCl sponge 


O'Connell, Tursky, and Orne, 1960, op. cit, 254-255. 


A SIXTEEN-UNIT PROJECTOR WITH 
MICROSECOND TURN-ON TIME 


By KENNETH C. MYLREA, University of Michigan 


Visual stimuli produced by tlie projection of 35-mm. slides often are 
used because of the versatility offered in selecting stimulus-materials. The 
projector described here can select and project up to 16 slides, individually 
or in combination, in less than 1 microsec. The system is composed of 16 
individually-controlled rear-projection units with a common 2 1/2 in. 
screen-area (see Fig. 1).2 


Fic. 1. A DnAwING OF THE APPARATUS 


Each unit consists of a light-source, two condensing lenses, the slide, 
filter if desired, and a projection-lens (see Fig. 2). 

y The Sylvania glow-modulator lamp No. R1131C, a cold-cathode tube, 
is used as a light-source. The light-output is essentially white, and its 
intensity varies linearly with tube-current. The light leaving the glow- 
modulator tube has approximately a 609 spread. Two unsymmetrical con- 
densing lenses, placed together 2 1 /2 in. from the lamp, produce a cone 


* The d 
No. AF 49(638)-1235 with the Human Performance Center. The writer is indebted 


suggestions, 
PDA 2 in., focal-length 3.5 in. 


314 


APPARATUS 315 


ight which covers the slide and reaches a focal point at the projection- 
s. The light-source and condensing lenses are held in telescoping con- 
ntric aluminum tubes. Adjusting the distance from the lamp to the 
ndensing lenses enables the focal point to be located in the center of the 
ojection-lens. To permit precise adjustment of the source and direction 
the light-beam, the aluminum tube is fastened through a swivel to the 


>< PROUEETION 
€—ÓÀ — 
<> 
SCREEN 


Fic. 2. SIDE-VIEW OF THE APPARATUS 


ised for projection. The slides are arranged in four columns within an 
circle and held in position against an aluminum plate by spring-clips. 
driver-adjustments allow the slide to be tilted, or moved vertically 
horizontally, and make possible registration of two or more slides. The 
ides must be placed parallel to the screen to minimize distortion. j 
The projection-lens is placed approximately 4 in. from the slide and is 
Stened to an aluminum plate by a mounting ring? The ring-to-plate 
stance is adjustable to permit compensation for the different lengths of 
Mt-path corresponding to the various angles of projection. To produce 
Im focusing over the entire image, it is necessary to have the lens 
el to the screen. Spring clips are attached on the opposite side of the 
minum plate to hold filters in position. 


A 90-mm., 2,25 X 225 anastigmatic projection-lens was selected to give the 
y half-angle with a reasonable projection-distance. 
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Polacoat LS60 lenscreen was selected for screen-material. It has a hal 
angle of 22° and a gain of 200% as compared to a matte-white ref 
surface. The maximal viewing angle from the projector is 20°, w 
would produce a difference in brightness between slides of less than 2; 
this variation can be corrected by adjusting tube-currents. This maxim 
variation in brightness across a single slide is 1.4:1, well within the 3 
ratio given as a tolerable nonuniformity for larger projection-system 
The projection-distance can be adjusted slightly to obtain sharp fo 


oN- 
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Fic, 3. Wine DIAGRAM 


Power is supplied from a 175-v., l-amp., zener-regulated supply (| 
Fig. 3). Each lamp is maintained in a partially-on state by a continuou 
10 pamp. of current flowing through the 1-MQ resistor. This practice serv 
a twofold purpose: it reduces transients produced when the current 
suddenly increased to 50 ma, for full brightness, and it alleviates the nec 
sity for a high starting-voltage by maintaining the tubes in a fired sl 
The 50 ma. of current can quickly cause overheating, which significa 
decreases tube-life. For this reason, it is recommended that on-times of Ie 
than 1 sec, be used. " 

Sixteen parallel inputs provide individual control for the projectors, 4 
low-resistance path is completed through the appropriate tube when Al 


less than 1 psec., but will be determined essentially by the external 
Cuitry used to switch the inputs. For preliminary set-up and registratiol 


* Vlahos Petro, Selection and spec 


Pict, Telev. Engin, 70, 1961, 89:93. uon Of rear-projection screens, Soe: 
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adjustment-switches are provided to activate each of the projectors at a low 
current level (20 ma.). In this mode, there is sufficient light for initial 
set up but the current is small enough to be maintained without causing 
significant tube deterioration. 

The complete assembly consists of two eight-projector units which can 
be separated to produce two projection-areas on the screen. This feature 
also facilitates changing the center slides. The two sub-assemblies and the 
front plate which holds the 4 x 8-in screen are fastened to a common 


aluminum base. A finished appearance is provided by a plywood covering 


which fits over the unit. 


TACHISTOSCOPE FOR X-RAYS 


By Jonn Garcia, Harvard Medical School, 
J. R. ScHormrD and Don Oper, VA Hospital 
Long Beach, California 


This apparatus was designed to deliver extremely brief x-ray doses to 
serve as stimuli or signals during behavioral tests with laboratory rats. 
Since the purpose of these tests was to determine whether rats could detect 
radiation vía sensory receptor or an immediate physiological effect of the 
exposure, the major technical difficulty lies in necessity to expose the ani- 
mal without visual or auditory cues which could inadvertently elicit a false 
response. This apparatus represents a solution to the problem which is 
inexpensive, portable and does not require modification of the x-ray ma- 
chine. Responses to 20 milliroentgens delivered in 0.1 sec. have been 
demonstrated using this device 


The apparatus (Fis. 1) consists of three components: (A) First a moveable 
shutter constructed of plywood and % in lead (A) which is suspended by nylon 
cords from the ceiling so that it “closes” the beam when it hangs at rest, In our 
laboratory this shutter was manually “opened” from outside the x-ray room by means 
of another cord via a baffled opening in the wall. Under this arrangement the x-ray 
machine can remain in constant Operation during the experimental session and the 
exposure can be administered without the usual on-off sounds of the x-ray machine, 

(B) The second component (B), a “tachistoscope” or circular shutter makes it 
Possible to time the exposure much more precisely than with the suspended shutter 
alone, This is essentially a table-like Yin. plywood disk 48 in. in diameter bordered 
by 8 in. of % lead which has an adjustable slot to permit exposure of the animal. 
A % hp. electric motor connected to a variable-speed gear box transmits torque 
via a belt drive and worm and gear box to the circular shutter which is mounted in 
the horizontal plane on a 31-in, pedestal, 


M s fluorescent material which glows under the influence of x-radiation, 
This luminescence is detected by the Photo-cell which in turn causes the bridge 
Circuit to unbalance, A Photo-cell with a Peak spectral response at 5500 A was 
selected in an attempt for optimal Sensitivity as the fluorescent material (Depont B-2 


F 3 
John Garda, N. A. Buchwald, C. D, Hull R lling, Adaptive 
responses to ionizing radiation, Bol. Inst. Estud, CSS M, E 1964, 101-113. 
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dynograph. As our x-ray machine is pulsed at the rate of 60 pulses per second, the 
output is an alternating signal at 60 cycles per sec. Thus, it is possible to measure 
exposure-time by counting the peaks on the record, as each peak represents one- 
sixtieth of a second. 


In our experiments, the circular shutter was rotated without interruption 
ata constant speed during the entire experimental session to eliminate 
'off'-'on' sounds. For brief exposures, we employed a speed of 20 r.p.m. 
which allowed ample time to open and close the suspended shutter during 


Fic. 1. DIAGRAM OF THE X-Ray TACHISTOSCOPE 


one revolution, thus allowing a single exposure through the slot in the 
episcotister. A wide range of exposures can be precisely administered by 
adjusting the size of the slot in the episcotister as well as the r.p.m. Flick- 
eting x-ray can also be administered when long sti ulation periods of high 
intensity are required, but the lethal effects of high total doses must be 
avoided. £ 

We employed some further precautions to eliminate stimulus-artifacts. 
The animals were tested in an acoustically and electrically shielded com- 
partment equipped with a speaker which emitted a “white” noise masking 
sound. Thirsty animals were trained to enter a narrow tunnel to obtain 
Water, thus confining themselves to the area of the beam as illustrated in 
Fig. 1.2 Lapping at the water spout was recorded electronically with a 


* John Garcia, N. A. Buchwald, B. H. Feder, R. A. Koelling, and L. F. Tedrow, 


Ionizing radiation as a perceptual and aversive stimulus: I. Instrumental conditioning 
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drinkometer.* A final precaution is a sham irradiation-test, which į 
Cal to an actual exposure except that the copper filter in the x-ray 
was replaced with a lead plate to block the X-ray. Operation of al 
apparatus under these conditions will reveal if a stimulus-artifact is 
ing as a signal to produce false responses. 


studies, in T. J. Haley and R, S. Snyder (eds.), Response of the Nervous S; 
Ionizing Radiation; Second International Mes 1964, 673-686. 

* Eliot Stellar and J. H, Hill, The rat's of drinking as a function of water 
tion, J. comp. Physiol, Psychol., 45, 1952, 96-102. 
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A MINIATURE MULTI-LEAD ELECTRODE PEDESTAL 
FOR SMALL ANIMALS 


None of the various methods of implanting and connecting electrodes in 
small animals is at once simple to construct, small in size, and easy to im- 
plant and connect. The electrode-pedestal assembly described by Valen- 
stein, Hodos, and Stein requires many steps to build and the utilization of 
special equipment. Moreover, each assembly is so big that two of them 
cannot be placed closer than 4.5 mm. to one another. 

The cannula-electrode apparatus discussed by Vogel and Carlton, while 
à good cannula, suffers from the disadvantage that only monopolar record- 
ings are possible with it.? Also, it is rather bulky. 

Bull and Collins have noted that bipolar electrodes may be cast in cold- 
curing acrylic in sipping straw molds.’ However, the system does not use 
4 good connecting device (alligator clips are required) and it too, is 
relatively large. 

Recently, a "wire-bridge" technique has been described by Radloff.4 
Each end of a stainless steel wire (0.015 in. diam.) is carefully cemented 
into a hole drilled at a sharp angle into the skull to form a wire bridge 
between the two holes, Implemented electrodes are then supported by flow- 
ing the acrylic over to the bridge. A connecting device must then be 
soldered to the electrodes and cemented to the bridge. 

Because these assemblies are too massive, they tend to be unwieldy, and 
some kind of anchoring is necessary: thus, the problem is compounded. 
This disadvantage may be avoided by the method described here. 

Ordinary, side-by-side, stainless steel (0.007 in. diam.), bipolar elec- 
trodes, and a miniature ‘connector formed by cutting a large connector 

E MEER — 
E. S. Valenstein, William Hodos, and Larry Stein, A simplified clectrode-assembly 


fgg mplanting chronic electrodes in the brains of small PUE this JoURNAL, 7 

61, 125-128, 

John R. Vogel and Peter L. Carlton, A simple and inexpensive chronic cannula 

for intracerebral injections into small animals, this JouRNAL, 77, 1964, 647-649. n 

d AES A. pall III, and Thomas B. Collins, A simple procedure for making sma 
es, this JOURNAL, 78, 1965, 676. "wi " 

oi 7. P. Radloff, Stereotactic implantation for small animals: A “wire! bridge 

nique, Psychon. Sci, 4, 1966, 47. 
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across its width with a jig saw, are used. The continental 26-mm. connect 
à 26-pin connector often used in implanting cats, is easily divided into fi 
compact 5-pin connectors and one 3-pin connector, or two 7- pin connect 


made with as many pins as desired. Similar crosswise cuts are made in t 
male half of the connector, fine insulated wire soldered to the pins, an 
the wires attached to the recording or stimulating equipment. 
Implanting and wiring is conventional, except that no anchor sq 
are tapped into the calvarium. A bipolar electrode, cut to the requisit 
length beforehand, is implanted through a small hole (size eight or nif 
dental burr) and held in place with a small quantity of cranioplast 


North Dakota State University A. Joszpn Ray, JR. 


A PEN FOR MEASURING RESPONSE-LATENCIES 
eS 

An electrowriter transmitter-pen, normally used in conjunction with a 
transmitter and receiver for interoffice communication, provides an effec 
tive means of measuring the Fesponse-latencies of a number of Ss simul- 
tancously.* Each $ responds by writing with a transmitter-pen. Pressure on 
the ball-point of the Pen activates a switch in the pen which in turn can 
be used to stop a chronoscope or a Counter. These reliable pens have several 


‘The are sold Vi " [i 
ane ict mid br the Victor Business Machines Co., 3900 North Rockwell 
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advantages over voice-activated relays. Not only are they less expensive, 

but they make it unnecessary for E to record the content of S's response. 
State University College, GEORGE R. MARSHALL 
Plattsburgh, New York LARRY CARLSEN 


A SIMPLE METHOD OF RESTRAINING RATS FOR EEG-RECORDING 


The apparatus, shown in Fig. 1, consists of a T-shaped plastic platform elevated 
on metal rods 6 in. above a stainless-steel bare. Three leather straps inserted into 
slits in the stem of the T are used to secure the animal, its legs hanging over the 


nars HEAD. 


D 
Fic. 1. A SKETCH OF THE RESTRAINING TABLE 
(AIL dimensions are given in inches.) 


sides of the stem in the spaces between the straps, The principal advantage of this 
apparatus is that the rat can be secured easily and quickly. After a period of adapta- 
tion to restraint, the animal remains relatively motionless. There is, however, 
Sporadic struggling that diminishes in frequency from one session to the next, 
Indiana University (Kokomo) MELVIN L. GOLDSTEIN 


NOTES AND DISCUSSIONS 


LIGHT SENSED THROUGH RECEPTORS IN THE SKIN 

In recent years, a number of claims have arisen regarding the ability of 
man to perceive various colors, objects, and printed words via the skin. 
Youtz recently reports that a subject was able to discriminate and to identify 
colored materials with her hands under lighted or dark conditions. 
Subsequent testings, however, were less successful.? Youtz attributes such 
an ability to an extension or variation of the temperature-sense in the 
skin. While some Soviet investigators would share Youtz's view of the 
dermal temperature-sense, others are of the opinion that light sensitive’ 
substances similar to those found in the retina exist and are spread over 
the skin. 


Supporting evidence of a dermal light-sense of any sort, though, is scarce and un- 
convincing. Oppel and Hardy found that human Ss could sense dermally visible 
light. Serious methodological defects, however, such as failure to exercise any of the 
controls in the psychophysical method of limits, render their findings suspect. These 
authors also neglected to teport the data obtained on all Ss. Only the results of a 
few Ss were reported; these were said to be characteristic of the entire group tested. 
In a different sort of investigation, it is reported by Pick that Leontiev, using light 
às a conditioned stimulus on the hand of a single blindfolded human S, obtained 
conditioning with electric shock as the unconditioned stimulus" Since, however, 
Leontiev's original study is unavailable to this writer, evaluation of this research 
is not possible, 

Such a notion as the existence of light-sensors in the skin is not beyond 
credulity, however, when one considers that many eyeless or blinded animals are 
sensitive to illumination of their body surfaces and respond to such stimulation in a 
Variety of ways, According to Steven, a dermal light reaction is found in every 
major phylum of metazoa, in some aquatic and amphibious organisms, perhaps in 
the lizard and octopus, and rarely in terrestrial anthropods. In any case, our 


* This study was Supported by an NICHHD grant, number HD00914-0381. My 


E due Drs. A. L. Diamond, Charles E. Osgood and Joseph Church for their 


;R. P. Youtz, Aphotic digital col i 3 64, 734. 
?Youtz, Th 1 ‘Or sensing, Amer. Psychologist, 19, 1964, 734 
Society, Gab E dyes skin Sensitivity to color, Reported at the Psychonomic 
(co. v) DAE "Sight" is in the fingers, Prirods (Nature), Moscow, May 1965 
* T. W. Oppel and J. D. Hard isi i 
:; c J. D. Y, Studies in temperature sensation: (1) A com 
PRO Sai. n Produced by infra-red and visible radiation, J. clin. Invests 
* L. Pick, Jr., Perception in Soviet 1-35. 
i Psychology, Psychol. Bull., 62, 1964, 2 
ae Steven, The dermal light sense, Bio), d Cubridse, England, 38, 1963, 
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knowledge of the structures in the human skin is meager enough that it is surely 
indefensible to declare categorically that none of the receptors could be sensitive to 


light." 

The present investigation attempts to assess how prevalent, if at all, is 
the ability of humans to discriminate light from darkness with their hands 
and arms. A discriminative learning situation is employed toward this end. 


METHOD 


Subjects. One hundred Ss were obtained from introductory courses in psychology 
at the University of Hawaii. All were volunteers, 

Apparatus. $ was seated in one room (S-room), E and his testing apparatus were 
located in an adjoining room (E-room). Two 6-in.-sq. holes were cut through the 

. common partition. In the S-room black velvet sleeves were so attached to each 
of the openings that they were light-tight. In the E-room a Jewelex projector with a 
300-w. bulb was placed in a closed black box. A vessel 2.5 in. X 1.3 in. X 8.5 in. 
high filled with water was placed inside the box between the projector's lens and the 
box's aperture to serve as an infrared and ultra-violet ray filter. The box had an 
aperture of the same diameter as that of the projector's lens. A black velvet curtain 
was attached to the box in such a way that it could be silently raised or lowered 
over the aperture with a rod to control the introduction of light. The curtain 
covered the aperture keeping the E-room in darkness at all times, except when it 
was raised for the ight condition. The projector fan and ligat were both kept on 
throughout the entire experiment so that the little noise which they produced was 
kept constant for all conditions. 

E used a Hunter Timer to measure 15-sec. trials. A device was so arranged that 
when E pressed a key, the timer would begin its measurement and also a click would 
be heard by S in the next room by means of a small 2-in. speaker. At the end of 
15 sec. the timer would shut off automatically and generate another click. E 
measured a 5-sec. rest interval between trials with a stop-watch. A bell was oper- 
ated manually by E to provide reinforcement. E used a tiny shielded pen-light to 
see his response sheets and the apparatus which he had to operate. 

Procedure. The Ss, while in an anteroom, were given a magazine clipping to read 
which described the feats of a Russian who was able to ‘see’ through her fingertips, 
as well as a set of instructions regarding the experiment. S was afterwards brought 
into the S-room and seated by the sleeves in the wall. Chair height was so adjusted 
that when $ put his arms through the sleeves, his elbows were resting comfortably on 
the counter on E's side of tke partition. E so positioned $ that his arms stood upward 
on his elbows, about 1 in. from the wall and parallel to it on E's side. S's hands were 
bent slightly downward toward E. Light thus struck the forearms, palms and finger- 
tips at approximately right angles. All jewelry was removed from S's hands. E blind- 
folded S, gave him instructions, and then retired to the E-room. The lights in the $- 
foom were left on, to mask any occurrence of a light leak through the blindfold or 
the sleeves. 

In the E-room the projection of light was so adjusted that the most intense light 
would center about the S's palms. A few clicks (indicating the beginning or ending 


"D. Liddle, Fingertip sight: fact or fiction? Discovery, Sept., 1964. 
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curtain covered the light-source aperture and there was darkness in the E-room 
Total test-time was about 14 min, After 40 test-trials, each $ was briefly interviewe 
by E. 


temperature was approximately 74° p, during testing. 


REsuLTS 


., The Ss" performance was Scored according to the number of correct) 
identifications made, A maximum of 40 was possible. ‘The sum and mean 
Score for each of four blocks of 10 trials, as well as for the total 40 
trials are shown in Table p. A non-significant F was found in an analysis 
of variance for the number correct. On the other hand, a trend analysis | 


i A frequency-distribution of the scores obtained by the 100 Ss is shown 
in Table II. The scores range from 14 to 27 with a mean of 20.66. Those 
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Ss who obtained extremely low scores (14) or high scores (26, 27) were 
retested. In addition, four other Ss, three of whom had scores of 25 and 
one of 24 were also retested. The situation at retesting was identical to 
that of the first testing except that the order of presentation of light and 
dark trials was reversed. The results of the retesting is shown in Table III. 


TABLE I 


Sums AND MEANS or CORRECT JUDGMENTS FOR EACH OF THE Four BLOCKS OF 
10 TRIALS, AND THE SUM AND MEAN OF THE ENTRE 40 TRIALS 


(N =100) 
Blocks 
- All 
1 2 3 4 
1-10 11-20 21-30 31-40 all 40 
"Total 485 517 527 537 2,066 
Mean 4.85 5.17 5.27 5.37 20.66 


A trend analysis on blocks of trials yielded an F of 5.51, significant at the 0.05 level. 
The difference between the means of Blocks 1 and 4 was significant , 5 «0.05. 


TABLE II 
Frequency DISTRIBUTION OF SCORES or 100 Ss 
Maximal possible score 40 
Total No. Correct 14 15 16 17 18 19 20 
No. of Ss 3 2 4 7 $ 14 13 
Total No. Correct — 21 22 23 24 25 26 27 
No. of Ss 6 10 9 13 6 1 3 
TABLE Ili 
ORIGINAL AND RETEST SCORES rog Some Ss WITH UNUSUALLY HIGH OR Low Scores 
Scores 
Unusually low Unusually high 


k (N =3) M (N-8 M 
ewe 
The mean of the low scorers rose from 14 to 20, while that of the high 
scorers dropped from 25.8 to 23.1; the mean of the three highest scorers 
dtopped from 27 to 22. 

The $ who obtained the highest average score on both testings (27 and 
26) was able to return again for four further retestings on two different 
days. For two of these retestings (each on separate days) the number of 
light and dark trials were varied unequally (10 light with 30 dark, and 30 
Jight with 10 dark). The S obtained a score of 19 on both itapon 
Following each of the other two testings $ was given 20 trials (10 light 
and 10 dark in random order) but without reinforcement. His score on the 
first day was 8 out of 20, and on the second, 11. On the retestings, HE 


Scores approximated chance. 
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Interview data indicated that most Ss said that they were defi 


able to feel heat on many of the light trials, including the Ss who 
low scorers. The 11 retest Ss did not differ in the nature of their | 


six times in all said that he had felt "nothing special" and that he 
made his judgments by "intuition." i 


To n 
ultraviolet tays, could be sensed by the hands or forearms, 100 Ss wen 


hence were able to sense light dermally, 
University of Hawaii Danny D. STEINBERG 


hio: one hand is placed in a bowl of cold water, the other in a bowl 0 
warm water, and then both hands ate placed together in a bowl of water 
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of neutral temperature? The neutral water feels warm to the hand that 
was in the cold water and cool to the one that was in warm water. 

A similar contrast effect—a tactual after-effect—is demonstrated with 
three grades of sandpaper. A coarse grade (No. 60) is inspected by the 
fingers of one hand, a fine grade (No. 120) by the fingers of the 
other hand, then the fingers of both hands are brought to bear upon two 
identical pieces of sandpaper (No. 80), and O asked to indicate which of 
the two pieces feels the coarser. The intermediate sample feels ‘finer’ 
to the fingers that had inspected the coarse sample and ‘coarser’ to the 
fingers that had inspected the fine sample. 

This result was obtained from 15 of 16 Os—graduate students and 
faculty members of the Department of Psychology. The apparent differ- 
ences in texture reported by these Os ranged from slight to striking. 

University of Colorado James T. WALKER 


THIRTY-SEVENTH ANNUAL MEETING OF THE 
EASTERN PSYCHOLOGICAL ASSOCIATION 


The Eastern Psychological Association held its thirty-seventh Annual 
Meeting April 14-16, 1966 at the Statler-Hilton Hotel in New York City. 
Total registration at the meeting was 3,809, including 1,661 members of 
the Association. The membership of EPA at the time of meeting totalled 
3,965. 

Virginia Staudt Sexton was chairman of local arrangements, assisted by 
Lawrence Zeitlin, Edward I. Gavurin, Rita Y. D'Angelo, Bernard Seiden- 
berg, Anthony J. Summo, James Wilson, and Barbara Wilson. The Program 
Committee comprised L. Starling Reid, Chairman, Bernard Saper, and Pa- 
tricia C. Smith, The Committee scheduled 502 papers, 13 symposia, 4 spe- 
cial sessions, 3 film sessions, 5 special group meetings, and 2 invited ad- 
dresses, 

Of the 97 paper-reading sessions, 12 were devoted to topics in physio- 
logical psychology, 16 weve on sensation and perception, 21 dealt with ani- 
mal-experimental, and 19 were concerned with human-experimental prob- 
lems, Some of the specialized titles of sessions in these areas were as fol- 
lows: stimulus controls, aversive controls, fear-conditioning, animal emotion, 
chemical stimulation, brain lesions and avoidance behavior, physiological- 
audition, physiological-visual system, imprinting, somatic senses, psycholin- 
Buistics, and cognitive evaluation. 


1 
John Locke, An Essay Concerning Human Understanding, 1690, II, Chap. 8, 821. 
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Eight paper sessions related to developmental and child behavior. So 
psychology was covered by seven sessions, clintical research by six sessio 
and personality studies by seven sessions. One remaining session was 
titled industrial psychology. ' 

A special memorial symposium was held in honor of Kurt Gold: 
Brief titles of other symposia were "Transfer models in developmentall 
oriented research,” "Phenylketonuria," "Research in curriculum and trai 
ing," "Social judgment and attitudes," "Homeless man," "Stimulus contro 
of aversive processes," "Hypnosis research,” "Behavior in educational 
perimentation," “Experience-based learning in classroom settings,” “Ded: 
sion and behavioral change," "Parent and child treatment," "Structure 
language and thinking," and "New concepts in the area of stimulus contro 

Eliot Stellar delivered the Annual Presidential Address, "Hunger in m 
Comparative and physiological studies." Christian Astrup of Gaustad Hos 
pital, Oslo, Norway gave an invited address, “Studies of higher nervous 
activity in the functional psychoses.” By special invitation, Vincent G, Dee 
thier of the University of Pennsylvania spoke on "The hungry blowfly: & 
study of analogies and homologies of behavior." Neal E. Miller spoke to 
"eh Chi meeting on “Psychophysiological experiments on hunger an 

Lila Mosesson of Queens College received the Presideny s Award for p 
nias the Stranding Pe among undergraduate students who reported 

meeting on their individual recsarch. 
At the Annual Business Session, James Deese was announced as Preski 
dent-elect and Eleanor J. Gibson, David C. McClelland, and Richard Jy 
Hertnstein as new Directors of the Association, Gorham Lane was rep 
pointed to a five-year term as EPA Historian, According to a mailed ballot 
(December 1965), the membership approved a revision of the By-Laws. 
The change requires the Treasurer to disburse funds and to have custody of 
securities. "The Executive Secretary remains responsible for collecting and. 
depositing receivables and for approving itemized expenditures. 
The Fee will meet April 6, 1967 in Boston, with the Sheraton- 


B MARVIN A. IVERSON 


AN ACKNOWLEDGMENT: THE PORTRAIT OF MICHOTTE 
The portrait of Professor Albert Michott i the 

mess s e, which appears as 
nns of this number of the JOURNAL, was kindly supplied by one 
** younger colleagues and successors, Professor Joseph R. 
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Nuttin, now Directór of the Institute of Psychology at the University of 
Louvain. In fact, Professor Nuttin sent us three photographs: the one 
that is reproduced, taken about 1960, and another of eight years earlier 
which shows a half-consumed cigarette in Michotte’s mouth, Michotte 
liked the latter especially because it illustrated a fact of visual perception: 
the cigarette stuck out in the third dimension and was not reduced to the 
plane of the paper. The third picture was a photograph of an oil portrait 
of Michotte in a Louvain gown and a Cambridge hood for science, with 
medals and insignia, a portrait that now hangs in the Faculty Room of 
the Institute of Psychology at the University of Louvain, The informal 
portrait without the special demonstration of the visual third dimension 
„Seems the most appropriate for the JourNAL’s series of famous experi- 
mental psychologists. We have also chosen the simple signature that 
Michotte used for his scientific publications. On other occasions, he 
the full signature of the Baron. We have Professor Nuttin to thank for 
the photographs and for examples of both signatures. , 
EG.B. 


Albert Edouard Michotte ban Den Berck: 1881-1965 


Within a few months of each other, psychology's two "grand old men" 
in the French-speaking world—Henri Piéron and Albert Mi 
left us* Younger by three months than Piéron, Michotte died seven months 
after him, at the age of 83 in Louvain, where he had spent more than 
à century in his life as professor and researcher, A work of his on per 
ception is still in press and is due to appear soon in the Handbuch der 
Piychologie to be published in Germany. Of the two last doctoral theses 
he directed, one was presented a few months ago and the other is yet to 
be presented. That shows how active Michotte remained until a few weeks 
before his death—slowed up, it is true, and housebound for the last 
three years, 

Born in Brussels on October 13, 1881, Albert Michotte was enrolled 
at the age of sixteen years as a student of philosophy at the University of 
Louvain, He obtained his licence in 1899 with a study of the physioloay 
and psychology of sleep, and his doctorat in philosophy in 1900 with a 
thesis m Spencer's esthetics, Yet his interest ony him to prne 
research, and he next enrolled in the department natural science 
he worked for two years at the laboratory of the famous neurologist, Arthur 
Van Gehuchten at Louvain, His first two sintie pablions un 6. 


* Translated from the French by Mollie D. Boring- 


332 NOTES AND DISCUSSIONS , 


tributions to the histology of the nerve cell (1904). It was around 
after a conversation with Professor Désiré Mercier, the founder 
laboratory of experimental psychology at Louvain—that Michotte 
to dedicate himself to that young science. Under the direction of Pro 
Armand Thiéry, who had been that laboratory's director sina 
Michotte began research on tactual sensation, which resulted 
publication in 1905 of his first experimental work. 

From 1905 to 1908, Michotte worked for one semester of each yi 
Germany—first with Wundt at Leipzig, then with Külpe at Wü D 
while giving the course in experimental psychology at Louvain 
other half of the year. His first work (1906-1914), before 
World War, was concentrated upon logical memóry and voluntary choi 
It employed principally the method of "systematic experimental inl 
spection," as influenced by Külpe. 2 

After the burning of Louvain at the beginning of the First World 
Michotte left his country, as did many other Belgians, and remain 
Holland until 1918. There he worked on the measurement of 
energy at the Utrecht laboratory of his friend, the physiologist Z 
maker. ; 

Back in Belgium after the war, Michotte resumed his teachin, 
research at Louvain. Due to his enterprise, psychological teaching 
research underwent a Progressive expansion. Several new professors 
appointed. In 1944 he organized an Institut de Psychologie, which 
Brant the degree of docteur en psychologie, 

All through these years—even during the period of the Second 


present papers at congresses and at many foreign universities, He 
professor emeritus in 1952, but continued to offer his course in percep 


laboratory through 1962, 


professional life, a great many psychologists Bo will “nok forget | 
"seignioral" hospitality. 


* * * 


The main theme of Michotte’ 


5 research is perception: With it he 
menced his experiments at the 


beginning of the century, and it was ti 
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same field—although in a quite different and quite new perspective—that 
he devoted practically all his work after 1940. 

His first experimental work in 1905 dealt with the problem of the 
tactual perception of space.t We know that tactual sensations coming from 
different regions of the body present qualitative differences, varying with 
the area of the stimulation (the Jocal sign). 


By examining different regions of the cutaneous surface of the human body by 
means of a new esthesiometric technique, Michotte demonstrated that the values 
of the spatial threshold are very different for certain neighboring areas, although 
previous research had shown that cutaneous sensitivity was equally acute at these 
different places, The difference between the values of the spatial threshold does not 
therefore indicate here a difference in the delicacy of the tactual sensitivity, but a 
“certain discontinuity in the sense of touch. Michotte thus succeeded in proving that 
the cutaneous surface is divided into regions of specific extent and shape, each of 
which possesses a “local sign" proper to that region. He calls this the regional 
sign, He held that, for the surface of the palm of the hand, the regional sign ac- 
cords with the fact that certain points of the skin do not move with respect to each 
oe for they always remain in the same relation in movement or in contact with 
objects, 


Even in this first work Michotte showed a characteristic which marked 
much of his further research: his ingenuity in inventing new techniques 
and instruments. 


Whereas in the classical esthesiometrical technique of this period, one gave the 
Observer (O) a successive series of double contacts with different spacing between 
the two points of the esthesiometer, Michotte invented a new type of instrument that 
made it possible to adjust the two points on O's skin in a continuous manner. One 
of the points was held still, while the other could be progressively moved along by 
making it slide upon the skin until O said he felt two points. This method allowed 
Michotte to study better the influence of inattention upon the spatial threshold. In 
the classical method, the successive applications attracted O's attention each time at 
the moment of contact, 

Michotte also invented or perfected several other experimental techniques and 
apparatus. There is, for example, his "comparison tachistoscope” which he displayed 
at the International Congress at Geneva in 1909.* With it, one can present to O two 
tachistoscopic exposures of different objects at the same point on the retina with a 
Controllable interval between the two. The durations of the exposure and the interval 
can be controlled within a fraction of a thousandth of a second; the conditions of 
accommodation and adaptation can be held constant, and the two exposures can be 


1 " 
rép Albert Michotte, Les signes régionaux: nouvelles recherches expérimentales sur la 
1195. 0m de la sensibilité tactile dans les états d'attention et d'inattention, 1905, 


ree 
Michotte, Descripti i ^ i de com- 
i 2 ption et fonctionnement d'un nouveau tachistoscope 
Paraison, Arch. de psychol, 12, 1912, 1-13; also in brief in Gomptes rendus, VIme 
neres internat, de Psychol., Geneva, 1910, 733. 
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presented either once in a given time or periodically. AII the psychologists 
been able to see the final research on the perception of causality in 
laboratory have been struck by the elegant simplicity, together with the i 
of his techniques. His apparatus was simple, built at modest cost either by 
or with the help of his technician, thus at the same time initiating his 
collaborators into this instrumental side of research. His laboratory, which indl 
two big rooms, seemed like an artist's or artisan's large studio where apparati 
set up or dismantled according to the needs of the moment. 


It was under the influence of Binet and of Külpe, and also due in 
to his training in philosophy, that Michotte's interest soon led him 
imental study of the “higher mental processes." For one. 
he studied the role of thought in logical memory and in association 
another, he undertook research on voluntary choice, a study which wi 
widely acclaimed in the period preceding 1914. These various inv 
gations employed Wiirzburg’s "systematic experimental introsp 
but Michotte’s positive turn of mind led him at the same time to 
various objective measurements which often turned out to be qui 
portant in interpreting the data. 
In respect of Michotte's research on logical memory, I stress one 
of theoretical importance, 


Michotte presented his Os with a series of paired words; each pair was exp 
for six seconds with the instruction to find a relation between the two terms ol 
pair, When the series was completed, he interposed a variable interval, 
which he presented O with either the first or the second word of each pair, W 
instruction to reproduce the other word. This series was compared with 
series where memorizing was required without making ‘logical’ associations b 
the terms, as in the classical experiments of that time. On the basis of these 
as determined, Michotte came to the following conclusion: When the stimulus’ 
is presented to O with the instruction to reproduce the other word of the pair, 
relation between the two terms as determined by O at the time of the first pre 
tion is aroused in his consciousness, and it is by way of the stimulus-word 
“consciousness of relation" that the second word is recalled and rep 
Michotte admitted that the construction by O of the relation between the two 
during the initial presentation consists in the incorporjtion of these two terms 
unity of a higher order, a consequence of the integrating function of tho 
memory. Thus, it is due to something more than a simple associative bond. B 
of this integration, the terms to be memorized are fused into a relational 
that Michotte calls a “complexion.” This “complexion” consists of the two 
and ‘the relation itself, which form a “very intimate unity.” ‘These three elem 
“united as parts of a whole; . . . they do not merely form an associative cons 
tion." Michotte depicted the reproduction of the second term in the fol 
manner: When "the stimulus-word and the relation are given, . . . they Pi 
with the greater part of a complexion for which it is necessary to recall the 
part.” That is to say, the revival of a part of the "whole" then leads to the 
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reproduction of the other part; it sets up a process of active search for the missing 
part, which leads to the reconstruction of the integral “whole.” 


It is important to note that this conception—which clearly involves 
a “gestalt” way of seeing the process—was worked out in the course of 
a study undertaken with Ransy in 1908, although it was not published until 
1912.8 The year 1912 is considered to be the year of the birth of Gestalt 
psychology in the field of perception, but Michotte had already elaborated 
a Gestalt conception in the field of memory. 

In respect of Michotte's research on voluntary choice, which he pub- 
lished in 1910,* the important fact that he affirms is the existence, for O 
who is choosing, of an immediate experience of his own activity which may 
be called “consciousness of action."5 This work has an especial historical 
value, for it has contributed greatly to freeing European experimental 
psychology from its static and elementistic character by stressing the moti- 
vational factor involved and the consciousness of action in "mental" life. 
Consciousness of self, which since Hume has ordinarily been replaced by 
simpler "elements," also reappeared independently within the frame of 
this "consciousness of action" and thus under a dynamic global aspect. 
What can still interest today's student in this early “experimental phe- 
nomenology" of voluntary choice is that one finds in it a very meticulous 
introspective analysis of such processes as decision, the execution of a task, 
and so forth. 

This work on voluntary choice has had a great influence upon the further 
orientation of Michotte's work, for it drew his attention to the dynamical 
aspect of psychic functions and to action rather than static content. This 
point of view recurred periodically in his later lectures (Yale, 1929) and 
finally led to his studies on perception of action. 

When, after the First World War and the resulting four years’ absence 
from his laboratory, Michotte returned to Louvain in 1918, clearly he had 
lost his confidence in the introspective method of the Wiirzburg school. 
His research then took a new direction. Nevertheless, he continued to be 


| "Albert Michotte and Clément Ransy, Contribution à Vétude de la mémoire 
aia, Louvain, 1912, 26. 7 
tei Ibert Michotte and Emmanuel Prüm, Etude expérimentale sur le choix volon- 
aire et ses antécédents immédiats, 1910; Arch. de psychol, 10, 1910, 113-320. 
n the same year Narziss Ach published Ueber den Willensakt und das eatery 
Tent) 1910, a book that agrees with Michotte on certain essential points in respect ol 
“nsctousness of action. Although Ach's work was published several months Pais 
in hotte 5, Michotte's experiments were done in 1908 and the work was first edit 
erman (his collaborator Prüm was German-speaking, and Michotte always ac- 
aa the language of his collaborators). It was the translation into French that 
con tes the publication. It is thus certain that Michotte and Ach reached simi 
clusions and conceptions of consciousness of action independently. 


336 NOTES AND DISCUSSIONS 


inspired by the two major ideas that were born in the first period of his 
professional thinking. On the one hand, there was the idea of an activity 
of integration which constructs structures of wholeness, and, on the other, 
the idea that action is always central in the study of psychic functions. 

Michotte did not become acquainted with the works of the German 
Gestaltists until fairly late. The complete destruction in 1914 of the 
Library of the University of Louvain seriously slowed up the arrival of 
publications, and besides Michotte was much absorbed in the material 
reorganization of his laboratory. He himself has remarked that it was not 
until 1923—during the VIIth International Congress of Psychology at 
Oxford, where he met Kóhler and Koffka for the first time—that he took 
this new current in German psychology seriously into consideration. 
Actually, he himself had reached, fairly early in his study of logical 
memory, ideas quite similar to those of the German Gestaltists. Indeed 
he discovered the processes of structurization and organization of wholes 
in several new fields. It seems clear that Michotte came to these conclusions 
independently, very probably after considering Von Ehrenfels' studies, by 
which he was greatly impressed while he was at Würzburg. 

The most important research accomplished at Michotte's laboratory in 
the period between the two wars (1918-1939) was that showing the 
formation of Gestalts, the motor and temporal structures formed in motor 
training, In a work on sensorimotor training, published under Michotte's 
direction by his collaborator Van der Veldt,’ one is shown, among other 
things, how the motor forms are progressively derived from perceptual 
forms. These motor forms acquire their own structures and obey special 
laws. The different stages of the process by which the motor reaction 
develops from a series of simple movements into an organized ‘whole’ 
have been demonstrated very clearly by de Montpellier, who used @ 
Cinematographic technique in a series of experiments carried out under 
Michotte's direction." This research failed to receive the acclaim it would 
have had had it been published in English. 

Michotte also demonstrated the influence of rhythm on motor struc 
tures, an initial finding which led him on to a group of studies of temporal 
Structures.* My own research on the law of effect also took its point of 


* Jacques Herman van der Veldt, L'apprentissa ouvement et l'automatitm, 
Etude expérimentale, 1928, xxi E 3. ORO 2 
1 Gerard de Mos pellen Les altérations morphologiques des mouvements rapide, 
EE studies has been made in the same context on the influence 
sen on the deformation of structure and on the accuracy of motor reaction: Harty 
d fel Motor adaptation and accuracy, 1934, ix +- 303. p. 
Cf., among others, the research done in Michotte's laboratory by Paul Fraisse Jn 
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d e from Michotte's laboratory during these same years. 

During this same period (1918-1939), Michotte's other principal idea 
was slowly maturing, the idea that came to inspire his entire work; namely, 
that it is within the frame of action that we must study such other processes 
‘as perception and emotion.? It was in an important paper given at the IXth 
"International Congress of Psychology at Yale University in 1929 that 
Michotte clearly expressed this view for the first time. At the same time, he 
nounced a program of research that he’ only began to carry out ten years 
later, à program which then became his principal work. 


At Yale, Michotte said: "Perception . . . jockeys and directs our actions, and 
with good reason it can itself be regarded as a simple ‘phase’ of the complete process 
that is an action. As a phase of action, it develops under the pressure of tendencies 
and needs which dominate the individual at the moment of the ‘stimulation,’ and 
it must therefore be a function of these factors. . . . The ‘perceptions of the laboratory’ 
play only in a rudimentary manner the functional role of perception in real life, It 
is therefore necessary to study . . . systematically in what degree and according 
to what principles the effects of sensory stimulation are determined by the needs 
or tendencies of the individual.” That was written in 1929. In respect of this 
matter, however, Michotte undertook no research of his own. Nevertheless, he doubt- 
less exerted some influence on the numerous studies which Mave since then been 
directed upon this problem. 

A second point in Michotte's paper at the Yale Congress pled for the study of 
certain complex perceptual phenomena, especially "the perception of the physical 
action that things exert upon each other and the changes which result as, for example, 
in the perception of the impact of two bodies and the consequent mechanical effects, 
like breaking, deformation, etc." He went on to suggest that complex perceptions are 
probably "dynamic syntheses of a higher order, obeying laws more or less different 
from those which govern the simpler experiences," and he noted certain facts 
in support of his case, He called these phenomena “perceptions of process," stressing 
the fact that they play an important role in our experience of handling objects and in 
the genesis of the significance of objects. Furthermore, he said, “They determine 
Sur behavior in a large measure, since they constitute the basis for utilizing objects 
that surround us, like tools and other instruments of our actions," 


__ In the same year, Köhler was expressing the same idea by affirming that 
immediate causal impressions exist in external experience." Systematic 


CXperimental research on this subject was not begun by Michotte until 
1939, a date that signifies the start of a new period in his work. It was in 
CC idi ihes the sartor apu e ME 
1955 and published later: P. isse, Contribution à l'étude du rythme en tant que 
“forme temporelle. J^ Pichol, worm. paths 39, 1946, 280304. This work was 


developed later ind rper 
A dently b! his own laboratory in Paris. 
‘Action is the term Mic OL CREER in this period for active Miei 


Michotte, Quel i 

3 ques aspects de la logie 

TBagechetehes expérimentales, Proc, IXtb International Congress of Psychology, 
ny , 


Wolfgang Köhler, Gestalt Psychology, 1929, 320. 
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this field of the perception of action and the related problems that Michotte 


carried out a great variety of experiments in the course of the last twenty- 
five years of his life, experiments which resulted in an impressive series 
of publications and have become a source of inspiration for several investi- 
gators in other countries.!? 


The important point in these studies of impact, quite apart from the dispute 
about nativism and empiricism, is that Michotte demonstrated under exactly what 
conditions of stimulation the Os do'not perceive a succession of two movements 
(the movement of Object A which, at the moment of impact, is followed by the 
movement of Object B), but perceive directly the causal influence exerted by Object 
A upon the displacement of Object B. Certain slight modifications in the over-all 
constellation of the stimuli can make this perception of causal influence disappear, 
The fact of "knowing" that this influence does not actually exist in reality does 
not alter the fact of a perception of causality. 

The perception of causal influence thus seems to be closely linked with precise 
constellations of stimulation. Michotte elaborated a theory to explain the specific 
perceptual structure that produces the different forms of causal impression, Space 
does not permit the summarization of this very refined theory, but I mention the 
essential features, 

The process by which an object in movement pushes or drags another object, 
which was not moving at first, can be divided into two phases: (1) where both 
objects (A and B) are present, but where only A is moved toward B which still 
remains stationary; and (2) where B, after the impact, is displaced in its turn 
with or without A. These two Phases present two very different perceptual struc- 
tures, each dominated by its own laws, The conflict between these two structures 
would have the effect that the second phase is perceived in two ways at the same 
time (phenomenal doubling): on the one hand, as a continuation of the movement 
of A (a result of the tendency toward phenomenal permanence of the first phase) 
and, on the other hand, as simple displacement of Object B. In other words, the 
displacement of B appears to be a prolongation of the preéxisting movement of A. 
The displacement of B is thus identified phenomenally with the continuation of 
A's movement, so that it is A's movement which seems also to displace B. This 
Process of apparent extension of A's movement to B Michotte calls ampliation of 
the movement, a structure that is very fleeting and corresponds with the magnitude 
of a “ray of action” that can be measured experimentally. The question of the 
role of the acquired experience and of tactual-kinesthetic structures in the origin 
of these causal visual Structures remains open. Michotte was convinced upon certain 
grounds, that these perceptual Structures are established in an autonomous manner 


^ Michotte's first publication on the i i in 1941. His 
" f I perception of causality was in 1941. 1 
major book is La perception de la causalité, 1946, first French edition; second edition, 


birthday: Michotte and collaborators, Causalité, pe. t réalité phénoménales? 
Etudes de bsychologie expérimentale, 1962, aa aida a full bibliography. His 
last work was published in 1964: Les compléments amodaux des structures percep 
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as soon as a certain degree of maturation is reached and a particular constellation 
of stimulus is presented to the subject. 

This research on the perception of action and causality led Michotte to 
investigate various other aspects of perception; for instance, the study of 
animal movements including the ‘intentional’ character of certain move- 
ments and their affective or emotional value (as in flight or attack) in re- 
lation to projection of phenomenal characters into the perceived object; 
also the phenomenal permanence of objects which are partially or even 
totally hidden with respect to the ‘amodal’ complement of perceptual 
structures, and the impression of phenomenal reality with respect to per- 
spective in drawing or as applied to cinematography.!? 

In all his research on perception Michotte showed that the fundamental 
structures of our phenomenal world—the behavioral world as it appears 
to man, according to his verbal descriptions—are linked with certain clearly 
determined conditions of stimulation. Michotte was able to reduce many 
of these conditions to general laws which govern the organization of the 
perceptual field. And that is, indeed, the main import of his work. At the 
same time he has shown that many notions which intrude into our con- 
struction of the behavioral world, like causality, reality, and permanence, 
ate already “foreshadowed” at the level of perception. 


* * * 


Michotte was an excellent teacher and a brilliant lecturer. Never 
Content with reading from a written text, he gave —often without notes— 
à lively and well-prepared discourse. He never liked to edit and publish 
his work: Much did he prefer to report his results orally, with demon- 


4 See the publications cited in Note 12 
“A relatively important part of the research done under Michotte's direction has 
eee unpublished. He writes: “If I have experimented greatly during my life and 
thereby learned many things for use in my teaching or in lecturing abroad, a relatively 
getant part of our work has never been published. I must confess moreover that, 
ee as I was by a true passion for research, my joy of having pursued it to 
m Conclusion and of having found the answer to the question that had aroused 
J|, curiosity led naturally to the waning of my enthusiasm, Hence the idea of next 
or ie myself up to the fastidious work of editing which if seemed to me then, 
any ae Í realized my error) would teach me nothing new did not appeal to me in 
The complete list of works carried out under Michotte's direction in his laboratory 
er 1946 is given in the Miscellanea psychologica Albert Michotte, 1947. The EE 
1962. Doch is cited in the volume, Causalité, permanence et réalité phénoména a 
Psych io 1912 Michotte founded a Psychological Series under the title "Etudes A 
lis | pae for publishing the research of his laboratory Six volumes were pu 
name $; etween 1912 and 1946. Actually, the series has 1 continued under the 
Nutti tudia Psychologica (under the editorship of Albert Michotte and Joseph R. 
in), About thirty volumes have appeared in many languages (some in English). 
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strations, in his many lectures, some at psychological congresses and others 
at the many universities where he was invited to speak. Above all, he liked 
to receive foreign colleagues in his laboratory and to show them—often 
for hours on end, and sometimes over several days—what he was busy 
doing. He taught as visiting professor at Stanford University in 1929 and 
at the University of Toronto in 1952. 

Tt is proper also to mention what Michotte did for the international 
Organization of psychology. Froni 1909 on he was a member of the Inter. 
national Committee for the International Congresses of Psychology, and he 
played an active role in the Congresses from the Fifth in Rome (1905) 
to the Sixteenth in Bonn (1960)—twelve in all. He presided over the 
Fifteenth Congress at Brussels in 1957. He was one of the founders of the 
International Union of Scientific Psychology at the Stockholm Congress in 
1951, and was President of the Union from 1957 to 1960. He was a co- 
founder and President of the Association de Psychologie Scientifique de 
Langue Française in 1952. In his own country, he founded in 1946 the 
Société Belge de Psychologie and was its first president. He was also the 
recipient of many honors in the scientific world. He was named Foreign 
Associate to the National Academy of Sciences in Washington in 1956, 
member of the Pontifical Academy of Sciences at Rome in 1936, of the 
Royal Belgian Academy in 1946, of the Bayerische Akademie der Wis- 
senschaften in 1952, and of the academy of Madrid in 1947. He received 
honorary doctoral degrees from the Universities of Cambridge, Montreal, 
and Nijmegen, and he was an honorary member of a great many national 
psychological societies. In 1954 he received from the king the title of 
Baron?* During the celebration in 1947 of his jubilee of forty years as 
professor, a volume of psychological studies was published in his honor, 
with the title Miscellanea Psychologica Albert Michotte, to which forty-one 
distinguished Psychologists from thirteen countries contributed.1* 

About his own personality and temperament, Michotte ventured the 
following description in an address on the occasion of his jubilee: “A 
good fairy—and I am grateful to her—has endowed me with a constitution 


"In 1939 the name of one of Michotte's ances; d been 

à t tors, Van den Berck, ha 
added to the family name Michotte, so that his complete name became Michotte van 
en Berck. In his scientific writings, however, he continued to use simply the name 


"^ Among the articles in English we mention those of il Bue 
F. C. Bartlett, Cyril 

TV. were, W. S. Hunter, Wolfgang Kohler, H $ Lange R B Macleod 

dz, Moore, Edgar Rubin, William Stephenson I, Af, Terman, and E. L, Thorndike. 

Among the articles in French are oe F. J. J. Buytendijk, Paul Fraisse, Agostino 

Gemelli, Pierre Janet, Henri Piéron, and Géza Révész. A small number of copies © 

pr volume are still available at the Laboratoire de Psychologie of the University o! 
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that Kretschmerian typologists would classify as pyknic type and cy- 
dothymic temperament, with a strong propensity towards optimism, oscil- 
lating perhaps between what Kretschmer calls hypomanic and syntonic 
forms." The hypomanic side was manifested in the great abundance of 
new ideas and experimental projects with which he arrived almost every 
morning at his laboratory during his most active years (1939-1952). He 
was possessed, moreover, of such grace and distinction that he never, I am 
sure, made enemies. He was a warm friend to his many colleagues and 
disciples, always interested in their lives. 

It is my belief that the influence which Michotte exerted by his personal 
contacts was fully as great as the dispersion of his ideas by his publications. 
This effulgence that originated with him was limited, nevertheless, pretty 
much to that group of researchers who were not solely concerned with ex- 
ternal behavioral reaction but who also took into account the whole mean- 
ingful situation and phenomenal world in which behavior develops. To 
our scientific knowledge of the construction of this phenomenal world 
Michotte brought an original and important contribution. 

University of Louvain JosEPH R. NUTTIN 


© 


BOOK REVIEWS 


Edited by T. A. RYAN, Cornell University 


A Study of Children’s Thinking. By MARGARET DONALDSON., New York, Humani- 


ties Press, 1964. Pp. viii, 263. $6.00., 


One of the more puzzling features of the current psychological scene is the sharp 
cleavage existing between the educational practitioners who construct group ability 
tests for various applied purposes and the academically oriented psychologists who 
conduct laboratory research on problem-solving and thinking processes. This rigid 
separation has fortunately been breaking down over the past few years, and, in 
the reviewer's opinion, the Donaldson book should speed the process along. The 
major aim of the book is to show that better tests of intelligence would result if 
the test builders complemented their psychometric approach with a consideration of 
how children actually 80 about solving the problems that are used to assess their 
ability and predict their future performance. In the author's words, “We want to 
know not only shat an item works for a given predictive purpose but ow it works: 
what there is about it which makes it successful, and what different successful items 
have in common” (p, 21). To implement this aim, Donaldson selected a variety 
of problems from current intelligence tests and administered them to children (ages 
9 to 14) under “thinking out loud" instructions. The major portion of the book 
consists of verbatim accounts—spontaneous and elicited by the examiner's questions— 
of children’s “thought products." By the author's own confession, the book is a 
clinical study of children's thinking. 

The vast quantity of qualitative data generated by Donaldson's clinical method is 
reduced and classified on the basis of types of error committed in problem solving. 
Three basic types of error are distinguished—arbitrary, structural, and executive. 
The common feature of the arbitrary form of error is "a lack of loyalty to the 
given” (p. 183). In such cases, the child often introduces considerations drawn 
from his “real-life” experience which violate the constraints of the problem. 
Structural errors “arise from some failure to appreciate the relationships involved in 
the problem or to grasp some Principle essential to solution" (p. 183). A child's 
failure to handle negative Statements in formal syllogistic reasoning would produce 
errors of a structural sort. Another such error is the conversion of information 
stated in relativistic terms into information denoting class membership. Finally, 
executive errors “arise not from any failure to understand how the problem should 
be tackled, but from some failure in the actual carrying out of the manipulations 
required" (p. 184). Such errors generally come about when the child, though 
potentially capable of solving the problem at issue, forgets, overlooks, or distorts 
Some part of the information Contained in the problem that is critical for correct 
solution. 

Donaldson attributes a logical progression to the manifestation of the three 
forms of error, If an arbitrary error appears in the course of solving a problem, 
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then there is less opportunity for a structural or executive error to emerge. Simi- 
lady, the occurrence of a structural error sharply reduces the probability of an 
executive error. The developmental trend in the error data corresponds to the 
foregoing sequence. In Donaldson's terms, the process is one of "error replace- 
ment.” The youngest children yield the highest frequency of arbitrary errors. As the 
children get older, those errors decline and structural errors increase. The 
latter, in turn, show a decrease in the oldest children, for whom executive errors 
ate most typical. The foregoing observations are based upon both cross-sectional 
and longitudinal data (retesting of children after a two-year interval). 

In the concluding chapter of the volume, Donaldson makes a commendable 
effort to relate her findings on error sequence to other relevant investigations 
of cognition and thinking. Thus, selected aspects of the work of Piaget, Goldstein 
and Scheerer, Luria, and George Miller are introduced in an effort to give some 
theoretical perspective to the results of the study. The interpretations offered in this 

. portion of the book have a distinctly post hoe quality, though the discrepancies be- 
tween Donaldson's findings and what other investigators (especially Piaget) might 
predict are quite intriguing and highly suggestive of further research. 

Given the atheoretical perspective from which the Donaldson study originated, it 
is very much to the author's credit that she was able to articulate her findings with 
various cognitive theories. The construction of items for most standardized intelli- 
gence tests is not governed after all by any formal theory of human ability, but rather 
proceeds largely by “hunch.” Though Donaldson acknowledges this fact in her 
book, she nevertheless selected her problems from current tests on the basis of their 
"predictive power." Since no indication is given of just what these problems are 
supposed to predict, a theoretical rationale is lacking for the choice of the particu- 
lar types of problems employed in the study. 

Has the author accomplished her major practical purpose of pointing the way 
toward better tests of intelligence for children? Donaldson expresses great concern 
over the likelihood that children will arrive at correct answers for wrong reasons. 
The test constructor who knows that children commit distinctive kinds of errors at 
different age levels could presumably build distractors for test items which would 
tempt the child into committing errors typical for bis age group. By this means, 
the discriminating power of test items might be improved. This reviewer does not 
doubt that Donaldson's results can be put to practical use in the foregoing fashion. 
Surprising, however, to find a book devoted to errors in children's think-It is most 
ing whose major practical import, in the author's view, is the construction of 
standardized tests that will facilitate the expression of such errors. One forms the 
Impression that children are being accused of fooling the test maker, and that the 
time has come to puta stop to it. At a time when many psychological and educational 
Tesearchers are experimenting with techniques intended to raise the level of cogni- 
e functioning in children, it is odd to read through an entire book on children's 
thinking containing no reference to the possibility of teaching or training children to 
avoid the types of error to which they are especially susceptible. There is no indi- 
cation that Donaldson is committed to a “stage” conception of cognitive development 
in which characteristic error tendencies are presumed to be imminent at particular 
28€ levels. In this reviewer's judgment, the complete neglect of the instructional 


implications of her research gives the Donaldson volume a distinctly anachronistic 
quality, 
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This is not a book for those who like concisely stated hypotheses and stati 
tests of significance. Donaldson justifies the absence of the latter on the gro 
that her work consists of a clinical seatch for hypotheses. In the reviewer's judg- 
ment, the application of two-tailed significance tests to the descriptive statistics pi 
vided would at least have given the reader a general idea of which differences deservi 
further study and which deserve to be ignored. It is also difficult to understand why 
no between-problem correlations are reported. Without such correlational eviden 
we are left completely in the dark regarding the consistency or generality of 
children’s error tendencies, As a substitute for such analysis, we are treated to 
after page of children's thoughts dusing problem-solving. Approximately one-half 
of the book is comprised of these verbatim protocols. In working one's way throu 
this mass of material, interest is not easily sustained. Judicious editing and seli 
deletion of the verbatim response protocols would have produced a briefer, but m 
more readable, volume, d 

Despite its numerous stylistic and methodological shortcomings, the Donaldson 
volume does offer a number of unique Psychological insights into children's thoug 
processes. It is a book well worth the attention of experimental, developmental 
and educational psychologists who are concerned with problems of children's. 
thinking. 

Educational Testing Service NATHAN KOGAN — 


Factor Analysis of Data Matrices. By PAUL Homsr. New York, Holt, Rinel 
and Winston, 1965 Pp. xix, 730. $15.00. 

The title, flyleaf, and preface of this book will give some readers a rather mis- 
leading impression concerning its contents, In one respect the book is broader than 
many readers will at first assume, while in another respect it is narrower. The b 
discusses many more types of factor methods than is implied by the title; it covers 
all the best-known traditional methods which begin with correlation or covariance 
matrices, as well as methods which begin with data matrices. The descriptions of 
most of the methods are considerably less complete, however, than many readers 
would wish, A typical discussion of a factor method includes several pages of come 
putational directions and numerical illustrations, a computer program in an ape 
pendix, mathematical proofs of several Properties of the method (not always the 
most important or useful Properties), some comments about the amount of labor 
involved in hand computation or the seriousness of rounding error, but practically” 
no discussion of the uses or limitations of the technique. 

Most of the other topics essential for understanding the role of factor analysis. 
as a scientific tool are also covered only briefly or not at all. Although the book 
contains a general mathematical introduction to factor theory, this reviewer found 


the better previous texts, 
h Many readers will find the omission of a serious discussion of the uses or limita- 
tions of factor analysis especially disappointing, in view of the general agreement” 
that factor analysis is one of the most widely misused statistical techniques in mod- 
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ern psychology, the field of its birth and its broadest use, Perhaps related to this 
failure to consider deeply the uses of factor analysis is Horst's cavalier treatment of 
the communality problem. Although he discusses methods of estimating communali- 
ties (in a chapter on Scaling), he makes it clear throughout (pp. viii, 468) that he 
feels the problem is best ignored. Since communalities in some form are essential 
for estimating the minimum number of common factors in a matrix, Horst ap- 
parently holds that this question is never of interest. One of the clearest applications 
of factor analysis, however, is its use in rejecting theories on the ground that they 
postulate fewer common factors than can be shown to exist. Spearman's single-factor 
theory of intelligence was rejected by such fáctor studies, as one aspect of Hullian 
theory was rejected by a factor study by Humphreys (Measures of strength of con- 
ditioned eyelid responses, J. gem. Psychol, 1943, 29, 101-111). When more than 
one common factor is predicted by a theory, it can be disproved only by a study 
which somehow uses the concept of communality. 

From the above list of topics omitted or treated lightly, it is clear that the book 
is best viewed as a reference work for advanced workers rather than as a text. 
Probably most of the purchasers who will be disappointed with the book will be 
those who bought it as a general text on factor analysis, misled perhaps by am- 
biguous statements in the flyleaf and the preface, and by the fact that the early 
part of the book contains over 60 pages of exposition of matrix algebra for the 
beginning student. These pages are a condensation of Horst's Matrix Algebra for 
Social Scientists (1963). As a means of preparing to read the rest of the present 
book, several Cornell students found the earlier book more®useful than the con- 
densation, due to the necessary omission of explanations and proofs, many of which 
are quite simple and give a far gteater feeling of mastery of the material, 

Finally, evaluating of the book as a reference source, one sees that it makes 
generally available for the first time many little-known or completely new factor. 
analytic techniques. The contributions include a modification of the centroid tech- 
nique which makes-it completely objective, an interesting extension of the Varimax 
fotational method, plus many more. The computer programs are, as Horst states, 
one of the most important parts of the book. The computing directions are, for the 
Most part, clear, but are inadequately discussed in the text. For example, the com- 
puting directions for the multiple group factor method include a rotation to 
orthogonality, but this fact is never mentioned in the text. This was discovered by 
the reviewer only when he tried to derive the necessary equations after a student 
had pointed out that the directions were inconsistent with those given in other texts. 

The large number of mathematical proofs adds much to the completeness of the 
book, but there are some curious omissions. Two of the most fundamental theorems 
in all of factor theory are those which state that the principal component method 
maximizes the variance accounted for by a given number of factors, and simultane- 
Ously gives the best least-squares low-rank approximation to a covariance matrix. 
Neither of these proofs is as difficult as many proofs given, but Horst dismisses 
them with the erroneous statement that they require use of hyperspatial geometry. 
Other important omissions could be cited. é 

For a book full of computing directions and computer programs which most users 
Must accept on faith, there is an occasional disturbing impression that the book was 
Written too quickly. Some of the points which convey his impression have already 

^ mentioned. Often important references to papers on a topic are given ata 
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point where the topic happens to arise for a few sentences, rather than in the chap- 
ter dealing primarily with that topic. On p. 138 the reader is referred to the bibliog- 
raphy for a reference to the 1944 Guttman paper mentioned above, one of the most 
important papers in the history of factor theory, but then upon turning to the 
bibliography the reader finds that the paper is not listed. At several points, pro- 
vocative and puzzling statements are tossed in with no attempt at defending them, 
such as the comment that "statistical analysis is a branch of factor analysis" (p. 7), 
or the statement that "unless one is concerned with determining whether or not 
there is a relationship between two or more things which vary, his interest is not 
scientific" (p. 6). If this latter statement means anything, it means that the hy- 
pothesis that a given coin comes up heads 5096 of the time is not a scientific 
hypothesis. 

Except for this nagging doubt that every detail is correct, which exists to some 
extent in any book, the criticisms mentioned should not detract attention from the 
fact that this is in many ways a uniquely useful work, which should be of great 
interest to specialists in factor theory and its applications. It is without peer as a 
reference work for computational aids and as a source of advanced factor analytic 
techniques. It is not, however, recommended as a text. 

Cornell University RicHARD B. DARLINGTON 


Mental Retardation: A Family Study. By ELizABETH W. REED and SHELDON C. 
REED. Philadelphia: W. B. Saunders Co., 1965. Pp. v, 719. $16.50. 

This monumental study from the Dight Institute for Human Genetics of the 
University of Minnesota reports the rationale and family history data of a project 
of the Minnesota Human Genetics League. The publisher's descriptive folder states 
that: "The results of this study show how, by use of methods presently available, 
the total number of mentally retarded persons in the United States could be reduced 
by about one-third in a single generation.” If warranted, this startling claim would 
place this volume in the forefront of the current spate of national concern for the 
retarded along with so many other optimistic assertions of recent date. 

The scope of the project is described by the publisher as follows: 


This prodigious study meticulously presents vital data on six generations of rela- 
tives of mentally retarded patients. The book provides a mine of information for 
every geneticist, psychiatrist, Sychologist, sociologist, family counselor—or any 
researcher interested in the USES of mental retardation. 

More than 600 pages are devoted to full pedigrees of 289 mentally retarded 
patients, accompanied by brief histories of the patient and others in the family ol 
special interest. This monumental Project encompasses exhaustive data on 82,217 
individuals. Some of the families are traced back for over a hundred years. The 
hundreds of kinship charts concisely present the mental status of the various 
descendants through succeeding generations. Nowhere else in the world today does 
there exist a comparable genetic study of the incidence of mental retardation in 
flics) families—in terms of comprehensiveness of documentation (publisher's 

For seven years, beginning in 1911, Sadie Deavitt and Marie Curial traveled the 
length and breadth of Minnesota, Despite inconvenience and otten at great personal 
risk, they investigated the families d 549 patients at a state school for mentally 
retarded. They interviewed relatives, physicians, school officials, employers, an 
neighbors, carefully and accurately recording their findings. Now these findings have 
been amplified and extended by a follow-up of monumental proportions on 2 
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‘of these families. More than 80,000 individuals were investigated to determine the 
resent social, economic, and intellectual status of the descendants of the grand- 
sarents of the original patients. This work presents an unprecedented in-depth pic- 
ture of the relationship between kinship and mental retardation, 

¥ A first difficulty which troubles this reader is the authors’ orientation toward 
mental retardation. They "were not primarily concerned with the social inadequacies 
“of either the retarded or their intellectually normal relatives" (p. 1). And (p. 2) 
“The only persons to be classified as mentally retarded in our study are those who 
scored below 70 on standard intelligence tests, or those so classified by careful 
Subjective judgment" (italics ours). Bearing ‘in mind the period covered (1911 to 
recent date) and the many published studies between these dates on social com- 
‘petence, IQ, and the relation of mental retardation to mental deficiency, we find this 
Orientation extraordinarily naive. Certainly, the review of the literature on the 
telated issues impresses us as grossly inadequate in relation to their vital bearing 
‘on the validation and classification of the probands of the study and its implications. 
Without convincing validation of the propositi in the clinical aspects of mental 
retardation and its simulative counterparts, any critical evaluation of this study 
must be discouraging or disparaging. Hence the genetic aspects are correspondingly 
unconvincing. 

The book is in two parts; five chapters (82 pages) expound the project (intro- 
duction, organization, relatives, family dynamics, and implications) and four ap- 
pendix chapters (the remainder of the book, 630 pages) present charts and data 
for what are classed as the primary genetic category, the probably genetic, the 
primarily environmental, and the category of unknown causes. There is a brief list of 
‘teferences and an extensive index. 

The numbers of the original probands in these four categories were, respectively, 
84, 55, 27, 123, total 289. Their assigned IQs by sex (p. 16) were: 


IQ 0-24 25-49 50-69 T 
M 42 58 38 138 
F 36 63 52 151 
X 78 121 90 289 


It is futile to attempt a critical review in short space of such a prodigious study. 
Analytic examination of the charts is fascinating, but one is constantly returned 
‘J the validity and selectivity of the probands and their classifications. These “wor- 
Ties" keep troubling the reader, whether applied to concepts, data, or etiological 
“Sroupings in the light of other evidence on the same issues in a wealth of other 
publications. 
The book's appearance is particularly timely in view of the. virtual absence of 
Current discussion of familial causation, and the substitution of environmental- 
&conomic-cultural deprivation for it, a serious confusion of cause and effect. This 
5 M inevitably involves many controversial problems of concept, diagnosis, classi- 
tion, etiologies, clinical varieties, cultural status, IQ validity, and more, each 
Of Which after many years is still subject to vigorous argument. Inevitably, therefore, 
there will be conflicting opinions about the value of the data and the conclusions 
a this study; and these will no doubt be heavily influenced by the ambitious nature 
and extensive scope of the project itself. 
| Bellingham, Washington Encar A. Dot 
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Thought and Choice in Chess. By ADRIAAN D. DE GROOT. The Hague, Mouton 
and Company, 1965. Pp. xvi, 463. 

Thought and Choice in Chess is a translation of Dr. A. D. de Groot's dissertation 
presented to the faculty of the University of Amsterdam in 1941, revised in 1943- 
1944, and published in 1946 under the title Het Denken van den Schaker: Een ex- 
berimentelpsycbologie Studie (Amsterdam, North-Holland Publishing Company, Ltd, 
1946. Pp. 315). The author—a mathematician, a chess-master and player in inter- 
national tournaments, and a student of psychology—served as the principal experi- 
menter in this study. His Versuchspersonen, listed on P. 87, were all expert chess- 
players—masters, grandmasters, or world champions. 

During the preparation of his dissertation for publication, De Groot adopted Otto 
Selz's concept of thinking—"an hierarchically organized linear series of operations" 
(p. vi)—as the basis of his analysis and interpretation, with which he had, until 
then, "but superficial knowledge" (p. 53). His study of Selz's “voluminous and dif- 
ficultly written works’? made him "realize more and more his admiration for and 
indebtedness to Selz" (p. 53), whom he had come to regard "as the most important 
and the most generally understood psychologist of the Denkpsychologie group" (p. 
52). That this opinion is not widely shared by psychologists is due, as De Groot states, 
to the fact that Selz's works "have been read by few, misunderstood by many, and 
completely overlooked by most" (p. 53). 

In recognition of his debt to Selz and to win for him his rightful place in the psy- 
chology of thought, Dr. de Groot set himself the task of “using the terminology and 
applying the laws of Selz's Denkpsychologie” (p. 14) in reporting his experiments 
in chess. "To disentangle his (Selz's) constructions and to penetrate his meaning" 
proved, however, “a puzzling and sometimes rather frustrating task" (p. 54). Dr. de 
Groot persevered, however, and he now thinks that he has resurrected, revived, and 
confirmed Selz's theory. 

In the introductory chapters (I-III), Dr. de Groot sets his stage. He opens Chapter 
I with a report of Binet's study of blindfold chess and a short discussion of talent in 
chess—items of immediate interest which capture his reader's attention. He then ex- 
plains the purpose of his study and meticulously outlines his book that his readers 
may follow his exposition, closing with an explanation of the choice-of-move prob- 
Jem, the subject of the book, Chapter II is devoted to the theories of thinking, and 
includes a brief biography of Selz and an exposition of his Denkpsychologie. Dr. de 
Groot's account here is strongly biased ; he completely ignores the work done on that 
subject in America. Titchener's name is noticeable by its absence and the American 
studies on thought involving chess are not mentioned.’ Chapter III describes his ex- 
perimental procedure, 

These preparatory chapters lead to the main part of his book. Chapter IV (mis- 
numbered "Chapter VI" in the Table of Contents) contains a detailed description of 


" Otto Selz, Ueber die Gesetze des dn 
lz, ges geordneten Denkverlaufs, Stuttgart, Spemann, 
1913, Pp. viii, 320; Zur Psychologie des produktiven Denkens und das TUS Bonn, 
UA ohen, Dr . xxviii, 688. 
^8; 1909 abd, The psychology of chess and of learning to play it, this JOUR 
NAL, 18, 1907, 269-508; E. E. Southard, An introspective E di a chess game, 
in R. M. Yerkes' Introduction to Psychology, 1911, 189-192; K. M. Dallenbach, Blind- 


jn ET AUD game, Studies in Psychology: Titchener Commemorative Vol- 
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his protocols; Chapter V deals with the general structure of the chess-problem, treat- 
ing it in terms of Selz's hierarchical structure; Chapter VI turns to the dynamics of 
the processes involved in the game, in which the author's main theme is developed; 
and in Chapter VII, the analyses previously made are reassembled, reviewed, and 
brought into line with Selz's work. 

The book is complete with Chapter VII as De Groot writes: "Having come so 
far... it seemed quitenatural to keep going" (p. 16). Chapter VIII is a popular 
discussion of chess varying from the social status, education and training, and the 
extta-chess occupations of the grandmasters to Ernest Jones's psychoanalysis of Paul 
Morphy and the motivation, intelligence, race, and personality of the players. De 
Groot divides the grandmasters into two types: “fighters,” like Steinits, Lasker, and 
Alekine; and “players,” like Capablanca and Euwe. Not all of the factors that deter- 
mine the outcome of match-play depend, however, upon the players personality. The 
. challenger appears to have a strong advantage, Not once in the modern history of 
chess, as Euwe is quoted, has a world champion defended his position against a chal- 
lenger regarded as of equal ability. (Cf. Footnote 30, p. 361). De Groot gives us in 
this chapter a wealth of interesting chess history and lore. As welcome and refresh- 
ing an interlude as it is, it has, however, little bearing upon the topic of his study. 

The concluding chapter, Chapter IX (misprinted "XI" in the Table of Contents), 
is entitled “Epilogue 1963.” It was written, after the revision and translation of the 
book had been completed, to defend the “introspective method” that he had per- 
force used. The method was anathema to the behaviorists and Gestalt psychologists at 
the time his study was undertaken (1938). His defense of introspection was not writ- 
ten, however, to gain converts but to clarify his own point of view. He did not, in his 
discussion, differentiate between Kundgabe, the statement of meaning, and Beschreib- 
ung, the description of process—distinctions that the introspectionists themselves 
strongly emphasize, 

The book closes with two Appendixes: I. Reproduction of the games from which 
test-positions were taken; and II. Collection of the Protocols, and with two bibliogra- 
phies: A. of Chess, and B. of Psychology; and Indexes of Subject Matter and of 
Names, 

The University of Texas CHARLES V. BROOK 


Cognition and Thought: An Information Processing Approach. by WALTER R. 
Hd New York, London, Sydney, John Wiley & Sons, 1965. Pp. xiii, 312. 
7.95. 

The trouble with the study of thinking has always been that psychologists literally 
did not know what they were talking about. Thought is a stream, à series of transfor- 
mations, a pattern . . . of what? It has long been obvious that the images and feelings 
and inner speech are not themselves the real stuff of mental life, but the candidates 
that have been proposed in their place are all unsatisfactory. The Gestalt psycholo- 
Bists suggested that thinking was like visual perception, the Behaviorists treated it 
as if it were a chain of responses, and Freud likened it to a flow of energy, but none 
of these metaphors is fully appropriate. The problem cannot be avoided by taking 
tefuge in the nervous system either: the principles of synaptic transmission do not 
help distinguish problem-solving from rote memory, nor do they usefully explain 

OW a mathematician finds a proof. 
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"The major contribution of computer technology to psychology is its answer to this 
question. Information is what is transformed, lost or recovered, used or misused, The 
early enthusiasts for “information theory” believed that the quantification, the mea- 
surement of information would be psychologically important, but time has proven 
them wrong. This book, like most contemporary contributions to cognitive psychol- 
ogy, makes no reference to "bits." Instead, it is concerned with explicit or implicit 
programs for information processing. Psychology is finally free to speak about mental 
Processes without indirect discourse about energy, perception, response, or neural 
action. There is no regression to mentalism in this: information can be processed by 
very tangible IBM machines as well as by men. Moreover, contemporary theorizing 
can finally be complex enough to do justice to its subject—the computer will keep 
track of all our assumptions even if we ourselves cannot. 

Despite the importance of information-processing concepts for psychology, there 
have been virtually no books on the subject written by or for psychologists. (Hunt's 
Concept Learning and Green’s Digital Computers in Research are the only exceptions 
that come to mind.) Thus, Reitman’s work would be of great importance even if it 
were merely adequate. In fact, it is an original and creative contribution to the psy- 
chology of thought, 

One of the most significant parts of the book is a sophisticated discussion of role 
of computer simulation in psychological theory. On the whole, Reitman is more opti- 
mistic about simulation than I am, but he does not hesitate to raise some difficult 
questions. The complexity of a computer Program makes it far less accessible to po- 
tential critics than, say, a mathematical theory would be. How, then, can these models 
be discussed and criticized; Moreover, how can they be "tested;" Can we set up mean- 
ingful standards for the goodness of fit of a computer simulation; If we have no such 
standards—and we do not—of what value are the models? 

It is with a lively awareness of these problems that Reitman undertakes (1) to ex- 
pound the notion of “list Structure," together with related concepts, as the basic con- 
structs of a cognitive theory; (2) to present Newell, Shaw, and Simon's program, the 
"General Problem Solver” (GPS) as example of the power of this notion; (3) to de- 


terial on pattern recognition, game-playing, 


even less adequate as a survey of cognitive Psychology; many phenomena which his- 
torically fall within that rubric are never mentioned. This is hardly a fault, since 
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Reitman did not intend to write a general review, but the topics he does not treat 
testify eloquently to insufficiencies of his theory. 

In pointing out that Hebb’s cell-assembly theory cannot easily account for the proc- 
esses of thinking, Reitman remarks that "Thought, in fact, has only one index en- 
tty for the body of Hebb's book; ‘thinking’ and ‘problem-solving’ have none at all" 
(p. 7). By the same token, the most glaring omission in his own work is the absence 
of a concept of attention. It gets only one index entry, which refers to a quotation 
from Hebb! A psychology of cognition which says nothing about attention, or about 
immediate memory, linguistic structure, repression, and the many other topics which 
Reitman does not treat, is still very far from its goal. But we are all far from it, and 
this book is a step on the way. 

Department of Psychiatry ULRIC NEISSER 

University of Pennsylvania 


Industrial Jobs and the Worker. By ARTHUR N. TURNER and PAUL R. LAWRENCE. 
Boston, Harvard University, 1965. Pp. xvi, 177. $4.00. 

This research monograph by Turner and Lawrence could easily prove to be one of 
the most important books in industrial-social psychology to appear in the last decade. 
The investigators planned to study the responses (both attitudinal and behavioral) of 
a group of industrial workers to different aspects of their jobs. The original hypoth- 
eses were that workers would respond favorably (high satisfaction and low absence 
rates) to jobs which were more complex, had more responsibility, more authority, 
mote variety, etc. In short, “good” responses would accompany high level jobs. The 
hypothesis concerning attendance was confirmed for a sample of 470 workers from 
eleven industries who were working on 47 different jobs. The hypothesized positive 
relationship between job level and satisfaction was not supported. This latter finding 
plus the presence of one or two curvilinear relationships led Turner and Lawrence to 
the conclusion that the sample workers had been drawn from two separate and dis- 
tinct populations of workers whose members responded in different ways to similar 
job characteristics. The investigators, by splitting their group of workers on a suc- 
cession of variables and analyzing the relationship between task attributes and job 
satisfaction were able to determine that workers from factories located in small towns 
responded dramatically differently from workers who came from more urban settings. 
The workers from small town settings tended to respond to task attributes in the man- 
ner predicted by Turner and Lawrence. Workers from cities indicated no relationship 
between task attributes and attendance and responded with low job satisfaction to 
supposedly desirable job attributes and with high satisfaction to such "undesirable" 
attributes as repetitiveness and required interaction. y 

It would be easy to criticize Turner and Lawrence for possibly capitalizing on 
chance in their search for the third variable to use in identifying the two subgroups 
in their sample, to raise questions concerning the representativeness of their sample 
of city workers (who had, among other things, a curvilinear relationship between job 
feel. and pay), and to point out that the confounding of ethnic-religious backgrounds 
With urban-rural settings (catholic-urban and protestant-rural predomination) may be 
a very serious problem. These problems eventually must be dealt with by investigators 
following up this research. The study contains enough information bearing on them, 
however, so that they appear to cause only minor problems. 
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‘The major importance of the monograph lies in the theoretical explanation of these 
somewhat surprising findings and in the implications they have for "striving" types 
of motivation theories and the entire human relations approach to industrial prob- 
lems. Turner and Lawrence have invoked an alienation qua anomie explanation and 
have thus placed these results of what began as a straight-forward industrial psychol- 
ogy study squarely in the domain of sociology. The impact of cultural variables on 
the response of workers to their jobs has been clearly demonstrated, Seldom has a 
construct with a more impressive theoretical and empirical lineage been applied to a 
Set of data from industrial psychology, The very respectability of the theoretical ex- 
planation may be enough to convince industrial psychologists that the days of lip ser- 
vice to cultural and environmental variables are over and cognizance must be taken 
of their importance in the design of studies. Finally, these data indicate that "human 
relations" theories of industrial behavior and "striving" theories of human motivation 
must be modified to take into account differences in cultural backgrounds. 

University of Illinois CHARLES HULIN 
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READING AND TALKING BILINGUALLY 


By PauL A. Korzns, Massachusetts Institute of Technology 


The probability of recalling some word from the interior of a long list 
is proportional to the number of times it appears. This effect occurs even 
when the lists and the Ss are bilingual: an item is recalled equally well 
when its translation is substituted for some of the repetitions, despite 
the fact that item and translation may be visually and phonetically dif- 
ferent? From this result it was argued that what is stóred in short-term 
memory is not a word in a particular language—a visual or phonetic 
template—but a concept or meaning. The present experiments explore 
this notion with tasks other than the recall of lists; namely, reading and 
talking. : 

A language is a coding system which has both taxonomic and functional proper- 
ties: it provides names (or codes) for classes of objects and concepts, and it indi- 
cates relations among the names. The rules of relation are specified by the grammar 
Of the language, each language having its own." Since every language is a coding 
system, we might expect that elements in a bilingual person's two languages are 


not randomly intersubstitutable. This expectation has been confirmed by field studies 


among bilinguals, the typical finding being that S tends to keep his two coding 
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E the U. $. Army Research Office, Durham; in part by the National Science 
pation (Grant GP-2495), the National Institutes of Health (Grant S 
RAD. and the National Aeronautics and Space Administration (Grant NsG- 
if 6). The work was done in part at the Computation Center of the Massachusetts 
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systems relatively separate. While intrusions from one language sometimes occur 
when the other is spoken, they are. reported to occur principally at syntactic boun- 
daries rather than randomly, and items from the second language usually are 
deformed into the syntactic or phonological arrangements of the principal one It 
appears then, that when one is transmitting information in some language L, 
using elements of L; involves something more than mere element-substitution, The 
‘something more’ may be thought to represent the sets of rules specific to each 
language that $ normally, and often unconsciously, uses—rules associated with 
the syntactic, semantic, and Phonological properties of language. 

From these considerations, and others about code-switching, one might expect 
that requiring a bilingual to switch languages while he is working on a single 
message would impair his performance" One implication of this expectation is 
that the facilitative effect described above* may be restricted to list-learning; alter- 
natively, however, different kinds of language-use—e.g. reading, talking—may 
involve substantially different processes in the use of linguistic codes. Another way 
of stating this point is in terms of the symmetry of operations involved in the 
use of coding systems. The question is whether the decoding and encoding ol 
language are substantially similar processes that run off in reverse order (‘analysis by 
synthesis’). At least one model of language-use suggests such a 'mirror symmetry 
of operations for inputting (decoding) and outputting (encoding) language" In 
these experiments we show that the effect of the linguistic form of material varies. 
with the nature of the task S is required to perform. 


COMPREHENSION 


Tn the first experiment, bilingual Ss were tested for comprehension of 
material presented in several linguistic forms. 


Materials, Six non-Consecutive passages were selected from each of six stories. 
in the dual-language Bantam Edition of French Stories; they were each approxi- 
mately 110 words long. Each Passage was prepared in each of six linguistic forms. 


French; and in the linguistically mixed form, words were haphazardly in English 
or French, half of the Passages favoring English word-order and the other half 
favoring French. ‘The two examples of a linguistically mixed passage illustrate à 
predominantly English and predominantly French word-order. 


* A. R. Diebold Jt., Code-switching i . " rge- 
4 s 8 in Greek-English bilingual speech, Georgi 
town Univ, Monog. Ser. Lang. Ling., -62; iel Weinreich, 
Tapguages in Contact, 1963, L148, Mgs No, 13, 1965, 53-62; Uriel 
is Toe Treisman, Verbal Sues, language, and meaning in selective attention, 
this JOURNAL 77, 1964, 206-219; Contextual cues in Selecdye listening, Quar. J. 
exp. Psychol, 12, 1960, 242-248; D. A. Broadbent, Perception and Communication, 


Morris Halle and K. N. Stevens, Speech ition: J and a program 
for research, IRE Trans, Prof. Group Tf. ETE sen toe 59: Remarks on 
analysis by synthesis and distinctive features, in W. Wathen-Dunn (ed.) Sympo- 
sium on Models for the Perception of Speech and Visual Form (in press). 
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English word-order: His horse, followed de deux bassets, faisait la terre résonner 
under its even tread. Des gouttes de verglas stuck to his manteau. Une violente 
brise was blowing. One side de l'horizon lighted up, and dans la blancheur of the 
early morning light, il apercut rabbits hopping at the bord de leurs terriers, Tout 
de suite the two hounds rushed sur eux and, vivement throwing them back and 
forth, brisaient leur échines. Bientót il came to a forest. In a tree, au bout of a 
branch, un wood grouse, numbed par le froid, dormait with its head under l'aile. 
D'un revers of his sword he cut off its deux pattes, et continua sa route sans 
picking it up. Trois heures aprés, il was on the top of a montagne. 

French word-order: Son cheval, suivi by two hounds, en marchant d'un pas 
égal, made resound the earth. Drops of ice se collaient à son cloak. A wind strong 
soufflait. Un côté of the horizon s'éclaircit; et, in the whiteness de crépuscule, he 
saw des lapins sautillant au edge of their burrows. Les deux bassets suddenly se 
prédpitérent on them; and ca et là, quickly of them broke the backs. Soon he 
entrà dans un bois. At the end d'une branch, a coq de bruyére, engourdi by the 
cold, slept, la téte sous its wing. With a stroke d'épée, il lui faucha the two feet 
and without le remasser went on his way. Three hours later, il se trouva sur la 
pointe d'une mountain. 


Each passage appeared once in each of the six forms, and each was assigned 
one to each of six sets of passages. Six different passages in the same linguistic 
form constitute a packet; six packets, one for each of the linguistic forms, make 
up a set of 36 different passages. The passages were placed in the same order 
within sets; the order of the linguistic form in which they appeared was counter- 
balanced across sets by means of a 6 X 6 Latin square. Half of the passages in 
each packet were followed by questions in English, the other half by questions in 
French. In addition to the 36 test-passages, six more were chosen from newspapers 
and magazines. These were prepared in the same way as the others and were 
assigned one each to the appropriate packets, but were used only to give Ss practice. 

Tests of comprehension. It is difficult to measure ‘comprehension’ with paper- 
and-pencil tests, for very often one has to supply S with some of the information 
for which he is being tested. In preliminary studies we tried true-false tests, sen- 
tence-completions, fill-ins, and direct answers, without obtaining significant differ- 
ences in the relations among the results. The data reported here were obtained 
with two different tests. Half of the Ss wrote answers to each of eight questions 
about the contents of each passage they read. These were written in the language 
in which the questions were asked. The other half took a more objective test, only 
indicating with a plus or minus whether each of 15 questions was answerable on 
the basis of the passage just read. Eight of the 15 were the same questions pre- 
sented to the preceding group and seven were filler-items. 

Procedure, The Ss were allowed exactly 3 sec. per line to read each passage. The 
Passages were 11-+2 lines long, allowing 33-£6 sec. to tead. The $s who answered 
Questions were allowed exactly 2 min. to answer the eight questions to each pas- 
Sige. The Ss who indicated possibilities (recognition-test) were allowed exactly 43 
sec. for each set of 15 questions. How much time to allow was determined in 
Preliminary experiments; the values selected gave $ enough time to read each 
Passage but not enough time to study it carefully or memorize it® Rest-periods 
Were provided after each packet. The Ss were tested individually. 

B = 

„The time allow. i i of about 200 words per minute, 
e e aa a eS e a $13 
scor € average. In preliminary tests in which S was allowed less time * reat ikoe 
€s were lower, but the relations among them were not different from 
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Subjects. Twelve Americans whose native language is English and 12 Euro- 
peans whose native language is French were the Ss. The Americans had lived in a 
French-speaking country for at least nine months and reported having a good knowl. 
edge of French. The Europeans had been in the U.S. for at least nine months, All 
of the Ss were students at Harvard or M.I.T., and English was more actively used 
by the Europeans than French was by the Americans. 


Results. The answers the Ss wrote were scored first with a strict criterion 
(exactly Correct) and again with a more lenient one (approximately cor- 
tect). The results of the tests are presented in Table I in terms of the 


TABLE I 
PERCENTAGE OF ANSWERS CORRECT FOR PASSAGES IN VARIOUS LINGUISTIC Forms 
Unilingual Alternating Mixed 
d English French English* French* Englishf Frencht 
rict: 
Americans 62.5 49.0 62.5 62.5 57.5 51.2 
Europeans — 45,0 57.5 50.0 55.0 48.8 53.8 
Lenient: 
Americans — 67.5 52.5 67.5 66.2 35.0 
Europeans — 512 61.0 56.0 59.0 51.5 
Recognition: 
Americans — 86.0 85.3 90.0 88.0 86.7 83.3 
Europeans 82.0 84.0 85.3 86.7 82.7 86.0 


* Language of the first sentence, 
Favored word-order. 


Petcentage of correct answers to each of the six linguistic types of ma- 
terial, separately by form, Scoring criterion, and group of Ss. 

€ principal fact of the table is that the numbers within rows ate 
approximately of the same size; differences due to linguistic form are 
small. Among the Ss who wrote answers, the largest differences are always 
between the uni Ingual passages in native language and foreign language; 
performance on the alternating and mixed forms falls between. Analysis of 


between &toups (Europeans and Americans) and between types of text 
were not significant statistically (p > 0.10); but the interaction between 


reported here, Hindsight suggests that it would have been better to find each S'S 
own reading rate and present the materials accordingly. 
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materials or the groups of Ss exists, and the interaction between group and 
linguistic form that approached significance with the questions test is here 
nonsignificant. 

Since half of the passages in one language were followed by questions 
in the other, the scores were analyzed with respect to the linguistic sequence 
of passage and question; the results are shown in Table II. Scores are 
highest when both passage and questions are in the native language. When 
passages are in one language and answers are written in the other, the Ss 
do slightly better when reading in the native language and writing in the 
foreign language than the reverse. Analysis of variance reveals, however, 
no statistically significant difference among the four sequences, although 


TABLE II 


PERCENTAGE OF CORRECT ANSWERS IN THE VARIOUS 
PASSAGE-QUESTION SEQUENCES 


English-English French-French English-French French-English 


Strict: 
Americans 65 59 61 40 
Europeans 44 64 48 51 
Lenient: * 
Americans 69 61 68 42 
Europeans 50 68 52 56 
Recognition: 
Americans 85 88 87 83 
Europeans 81 85 83 82 


again the interaction between linguistic type and group is significant 
(p < 0.05). 


READING ALOUD 


The linguistic form of connected discourse has only a trivial effect upon 
comprehension of textual material. In this and the remaining experiments, 
We studied whether other kinds of Janguage-use were immune to in- 
fluences of the form of, the material. 

Method. Twelve of the Ss who participated in the experiment on comprehension 
Were tested further by reading aloud two passages in each of the six linguistic 
forms they had previously seen. The passages were among those for whose com- 
Prehension they had tested—in each case, the first two passages in each linguistic 
form. The Ss were instructed to read aloud as rapidly as they could without regard 
to the fine points of phrasing, expression, or meaning. Their performance was 
Tecorded on tape for subsequent analysis. Half were Europeans, half Americans. 


Results. The amount of time the Ss needed to read the passages aloud 
Varied markedly with the linguistic form of the passage. Table III shows 
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the results, averaged for the two passages each $ read, and normalized fi 
à passage of.11 lines. Passages in the native language were read mos 
rapidly, and mixed material most slowly. Passages of alternating sentences 
fall exactly midway between the unilingual ones. Analysis of variance of 
these data yielded significant F-ratios for linguistic form and for the form 
x group interaction (F = 18.15 and 12.59, respectively, df = 5/50, 
p < 0.01). " 
The textual material was so composed that one page of French and one 
page of English between them have approximately the same number of 1 
words in each language as two pages of mixed material, Averaging the 
results separately for unilingual, alternating, and mixed text relates per - 


TABLE III 


TIME (IN sec.) REQUIRED TO READ ALOUD PASSAGES IN 
. Various LINGUISTIC Formst 


Unilingual Alternating Mixed 


le Se a , Miro 
English French Mean English* French* Mean Englisht French} Mean — 

Americans — 30 47.4 38.5 38.4 39.6 39.0 492 51.6 50,4 

Europeans 41.4 39.0 35.7 36.6 36.0 36.0 45.0 45.0 45,0 


* Language of the first sentence, 
{ Favored word-order. 
Raw data were obtained using a stop watch calibrated in hundredths of a minute, 
Rounding errors create minor discrepancies between Tables IIT and IV, 


formance to a fixed quantity of material in each language. These averages 


the average amount of time for mixed material, and divided the difference 
by the number of transitions in the passage of mixed material. The values 
found by this calculation range from 0.24-0.66 sec. among the Americans, 


tion, the quantity of text that would have been read had no transition 
occurred, is given by 8 (r, + 5/2. the average reading-rate for English 
and French multiplied by the Switching time; it is equal to 1+ words. 


"An SD was calculated for each S's four Scores on ‘switching time.’ Their aver- 


age was 0.16 sec. for Americans and 0.15 dividual means 
and sigmas were not substantially correlate STES Europeans. Indivi 
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The relatively small number of transitions in a passage of alternating text 
precludes making a similar analysis for that material with any confidence, 

There is a correlation between calculated switching time and speed of 
reading. The Ss who read mixed material more slowly necessarily appear 
to have longer switching times. For example, the 12 Ss who participated 
in the comprehension-tests but not in the reading tests just described were 
tested on other aspects of language-use. In the course of those tests they 
read aloud one passage in each of the six linguistic forms, the passages 
used as practice-material in the comprehension-tests. Those Ss were not 
prompted to read rapidly. Table IV shows the reading-rates in words per 
minute for the Ss of the preceding analysis who were reading as rapidly 


TABLE IV 
RxADING-RATES (WORDS PER MIN.) FOR PROMPTED AND UNPROMPTED SS 
Unilingual Alternating Mixed 
English French English* French* Englisht French} 
Prompted: 
Americans 228 145 190 177 144 137 
Europeans 160 219 180 1997 147 149 
Unprompted: 
Americans 171 128 156 136 112 110 
Europeans 152 185 153 179 122 129 


LJ 
Language of the first sentence. 
Favored word-order. 


as they could, and for the unprompted Ss, The rates for the unprompted 
5s are lower, but the relations in the data obtained from the different texts 
are identical in the two cases. Based on a smaller sample of passages, the 
Switching time for the unprompted Ss is 0.6 sec. for the Americans and 
0.54 for the Europeans. Thus, when S paces himself, he generally proceeds 
more hesitantly, and his switching time may appear to be longer. Prompt- 
A induces him to read more rapidly and decreases his apparent switching 
time, Among the 24 $s we tested, switching time ranged from 0.1-0.6 
Bs depending on linguistic competence and on motivational variables, 
With an average in the region of 0.3-0.5 sec. s 

One factor that contributes to the variability of switching time is that 
the Ss made errors when reading aloud. Some of these were corrected, 
more by Americans (59%) than by Europeans (22%). (These errors 
Are subjected to detailed analysis in a later section of this paper.) Since 
many more errors were made in the mixed than in the unilingual passages, 
the time spent correcting errors affects the magnitude of the difference 
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between reading time for unilingual and mixed passages. A less variable 
measure of switching time would have been obtained if all the Ss had 
been prompted to read as rapidly as possible and a non-biasing method of 
compensating for errors were available. 


PRECIS 


The few studies of code-switching in bilingualism that have been made 
have been of the passive type, in-which E only notes the intrusions from 
one language that occur while S is speaking the other. To study interference- 
etrors in production, we required $ to generate mixed speech. In pre- 
liminary experiments, $ was requested merely to talk this way about any 
subject he wished, but most of the Ss found the situation too artificial and 
So generated only a few words, We subsequently used the method of giving 
the Ss passages to read from newspapers or magazines that they had not 
previously seen, and requested that they make precis of the passages in 
unilingual, alternating, or mixed form. The question under study was what 
the effect is of code-switching in conditions of ‘free’ production. 


Results. The Principal result describes differences in rate at which 
language 1s produced under the various conditions, These data are shown 


nating and mixed Passages each combined. When reading aloud, the rate 
for alternating sentences falls midway between the two unilingual rates, as 
shown in Tables III and IV, For precis, the rate for alternating sentences 


ki 0 X ‘no mean switching time computed from 
these passages (which comprised Just 50% of the total aay was 0.29 sec, for 

mericans and 0.31 sec, for Europeans, Thus, correcting errors affects the calculated 
value of Switching time but is not its cause, 
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Americans and 40% less for Europeans). The average length of string the 
$s generate in one language before switching is 21 words in the alter- 
nating form and 5.5 words in the mixed form. Calculation of a switching 
time for the mixed text here yields a value of 1.44 sec. for the Americans 
and 1.08 sec. for the Europeans, about three to five times longer than 
switching time for reading aloud, and equal to 2.2-2.5 words of averaged 
unilingual text. Thus, mixing languages while talking has an inhibitory 
effect on the rate. Another indication 'of the inhibitory effect of code- 
switching on production is suggested by a rank-order correlation between 
production-rate and string-length: The Ss whose rate is higher also tend" 
to produce longer strings in one language (have fewer transitions), al- 


TABLE V 


TALKING-RATE (PnECIS, WORDS PER MIN.) FOR 
Various Lrncurstic Forms 


English French Alternating Mixed 
Americans 122 84 82 71 
Europeans 95 125 91 66 


LJ 
though Spearman's coefficient (0.66), is not significant (p = 0.13 with 
N—6) 


Four principal kinds of error occur in the precis: errors of word-choice, errors 
of tense-agreement, omissions, and redundancies. Since the detection of the first 
of these is somewhat subjective, a conservative criterion was used: only a marked 
departure from good usage was counted as an error, e.g. "Since 10 years ago," or 
"I wanted to maintain studying." Errors in tense-agreement occurred both within 
and between sentences. Omissions were typically of articles and prepositions, Re- 
dundancies were scored as repetitions of the same information within a single 
Sentence, 

_ The average frequency of occurrence per S of these four kinds of error is shown 
in Table VI for the various linguistic forms used in the precis. Word-choice errors 
are more frequent in the foreign than in the native language; their number, how- 
ever, is, if anything, slightly smaller in the alternating and mixed forms than in 
the average of the two unilingual forms. Perhaps part of the process of speaking 
More slowly in the alternating and mixed forms (Table V) is a greater precision in 
the choice of words. Errors of omission and of tense-agreement show no con- 
Sistent relation to the linguistic form of the spoken message, but Ss tend to be 
More redundant when using the alternating and mixed forms than when using the uni- 


TM ed m 
Oft, This does not mean that a 1.3-sec. pause occurred at every linguists A 
lin; en, pauses at a transition were no longer than pauses between words i d Ue 
rey Sequence, a fact which may have considerable consequence for mo E o 
t at pee Production, Presumably, $ prepares words he will speak at the Su AS 
cution J$ SPeaking others. The 1.3-sec. interval involves both preparation and exe- 

on, and may perhaps best be regarded as a general cognitive cost of switching. 
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» lingual ones. When the frequency of occurrence of word-choice errors was talli 
for the eight principal parts of speech, the errors were found to occur in appr 
mately equal numbers among all of the parts of speech and for the mixed, alt 
nating and unilingual forms, t- 

One kind of distortion not heretofore reported in studies of bilingualism is 
intrusion within a relatively low-level syntactic unit. The spoken precis wi 
examined for the occurrence of prepositional phrases of the form preposition-noun- 
and preposition-article-noun (e.g. “of collisions, d'assurance, sur la route, with 
stationary objects"). About 90% of these phrases were unilingual; but about 1% 
of the two-element phrases were mixed linguistically, about 7% of the three-ele- 
ment phrases took the form EFF (the preposition in English, article and noun in 
French), and a few cases of EEF and FFE also occur. Thus, as will be shown 


TABLE VI 
AVERAGE NUMBER or ERRORS IN MAKING Precis 
Word-Choice Tense Omission Redundancy 
Americans: 
English 4.0 0.5 0.7 1.0 
Altera ting 3.5 12 Us $3 
rna! A 0.8 . 
Mixed 3:5 1.6 0.8 2,5 
Europeans; s 
English T 1.8 2.0 2.7 
French 1.0 0.7 0.5 1.2 
Alternating 3.8 0.7 1.6 2.3 
3.0 0.7 1.5 3.2 


again below, the syntactic boundary of a Prepositional phrase, while strong, is not 
impervious to external influences, 


EFFECTS OF PRACTICE 


Comprehension of text in a given time is independent of the linguistic 
form of the material; but the amount of time needed to make precis varies - 
with the linguistic form used in speaking, At least two variables may be 
critical for the latter effect: availability of vocabulary or a motor difficulty 
involved in making the unfamiliar Sequences of sounds that constitute 
mixed linguistic forms, In this experiment, the influence of vocabulary 
was studied by providing the Ss with the text in some form while they 
spoke in mixed form. Thus, $ might have the English or the French text 
before him while he generated mixed speech; or he might have both texts 
with English and French arranged in alternate lines. 


Method. The same material that was used in the preceding section was used 
again here. Passages appeared in English only, in French only, or in both 
languages interlinearly. $ held the passage in hand while generating mixed speech 
The Ss were the remaining six of the 24 who participated in the comprehension- 
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tests, After performing in this way, with two passages in each form, $ was invited 
to make a bricf autobiographical statement in mixed speech, 

Results. The first three columns of ‘Table VII show the rate in words 
per minute at which the Ss generated precis in mixed speech while being 
able to see passages in the form indicated by the column-headings. Having 
the French text available facilitated the rate at which the Americans gen- 
erated mixed speech, compared with having the English text available; 
and both texts available produced even. better performance. The European 
$s generated mixed speech at approximately the same rate, irrespective of 
the kind of text available. Furthermore, the practice provided by making 
precis with the text available did not produce an increase in the rate of 
generating mixed speech freely. The fourth column of Table VII shows 
the rate at which autobiographical material was produced in mixed form; 


TABLE VIL 


Propuction-RAtTR (Wors PER Minute) or Mixep SPEECH 
WITH Text AVAILABLE. 


English French Both Free 
Americans 69 80 92 67 
Europeans 63 62 63* 73 
String-length 2.8 2.9 1.8 3.9 


the numbers there are about the same as the numbers in Table V for 
mixed speech, but the number of switches made in mixed speech is dif- 
ferent for the two groups of Ss. The Ss, as shown in Table V, switched 
languages after every 5.5 words on the average, while the Ss, shown in 
Table VII, switched language every 3.9 words on the average when they 
Were generating autobiographical material, and considerably more often 
when a text was available, In the latter case, they switched language every 
2.9 words when unilingual text was available; and every 1.5 words when 
the text was present in both languages. Thus, when there are no problems 
of vocabulary-availability (i.e. memory-search), output-rate may not in- 
crease; but the effect of practice is to enable $ to make the length of a 
string in one language shorter (j.e. to make more switches), and switches 
take time, 

The suggestion of a correlation between specch-rate and string-length 
Mentioned in the preceding section is present here too; when the data for 
the two sets of Ss are combined, the one group making a precis in mixed 
speech and the other speaking autobiogtaphically, p = 0.55 (p < 0.05). 
Furthermore, production-rate for the six Ss who had both texts available 
While they generated mixed speech also tended to correlate with string- 
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length, though not significantly o = 0.77 (p = 0.10). These results imply 
that switching languages takes a finite time that is independent of vo. 
cabulary-search. What still is unknown, however, is whether memory- 
search is itself impaired independently of switching rate when S is re- 
quired to generate mixed speech freely. 

The fact that S tends to generate a longer string when speaking without 
text (the fourth column of Table VII) might suggest that certain sequences 
of words or complex syntactic forms would tend to be spoken in óne 
language. The following selections show, however, that the latter is not 
inevitably the case, for no grammatical unit consistently remains inviolate, 
The first was spoken by an American, the second by a Frenchman. 


It has often occurred à moi sometimes dans le matin to look out of la fenétre 
and listen to les oiseaux who were singing dans les branches of a tree ce qui se 


Well I have been ici for quatre ans maintenant and je m'y plais very well. I 
m going to retourner en France pour un length de je ne sais pas combien de 
temps but it is certain que je vais aller to this country because je m'y suis plus 
tremendously. . . . I wonder un petit peu what is the reason pour cet experiment, 
I do not see jusqu'à maintenant le but of mixed language parce que je crois it is 


Note the predominantly English word-order in the first passage even 
when French words are used (with the exception of forêt vierge) and the 
more French word-order of the second. In this part of the experiment, the 
Six Ss generated 60 two-element prepositional phrases; in only one was 
the preposition in one language and the noun in the other. Among 55 
three-element phrases, 35 were unilingual, but 13 were EFF, while 3 
were FFE and 4 were EFF. As in the preceding section, so here too the 
greater number of prepositional phrases are found to be unilingual, but if 
the unit is not unilingual, article and noun are more likely to be in the 
same language than Preposition and article. This contrasts with what is 
reported below for reading aloud, 


ANALYSIS OF READING-ERRORS 


f one language often are pronounced 
For example, some Americans reading 
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"Deux trous in the wall servaient de fenétres" pronounced the verb as the English 
verb survey; and reading "A small barbiche black" pronounced the last word as 
the English word block. Some Europeans reading "Plus tard came nuages de 
moustiques" pronounced nuages as the English new ages; reading “A peacock spread 
its queue sur le gazon" pronounced guene as the English kew; and in reading "solid 
en or hanap" pronounced the last three words as English. That bilinguals should pro- 
nounce foreign words to conform to their native language is not surprising; but that 
they should pronounce common words of their native language as if they were foreign 
words is a phenomenon of another order. Since detecting such phonological errors 
is a highly subjective task, only a few of the more outstanding examples have been 
cited, for they seem to identify a basic process in reading which is discussed below. 
Another kind of phonological error occurs which is even more difficult to 
quantify. In the course of reading mixed linguistic texts aloud rapidly, both 
American and European Ss frequently use an accent that is different from the 


‘accent they use when they are reading unilingual texts. This new accent involves 


TABLE VII 


TALLY OF TRANSLATIONAL ERRORS IN READING ALOUD FOR 
VARIOUS Parts OF SPEECH 


Adjec- Con- Pro- Prepo- 

Noun Verb Adverb tive Article junction noun sition 
Americans 12 4 2 4 18 5» 7 11 
Europeans 16 5 0 2 19 5 7 17 


features not noticeably present in their unilingual productions as well as features 
found there. Just as the pronunciation-errors instanced above do not necessarily 
favor S's native language, so too with this new accent, with which the pronuncia- 
tion of words both in their native language and in the foreign language is de- 
graded. This new accent is heard only when $ reads linguistically mixed material, 
and never when he reads alternating or unilingual text. Furthermore, it is heard 
Only when S is reading aloud and never when he is making precis or speaking 
freely. Quantitative analysis of these errors would require a clear phonology for 
each S's unilingual English and French accents. It is clear from an analysis of the 
tapes, however, that accent is more likely to be in error for some word when the 
Preceding words are in the other language: an English word is more likely to be 
mispronounced when the antecendent string is in French, and vice versa. Thus, 
accent appears to be determined for sequences of words independently of their being 
fecognized as members of a language. 

: Errors of translation. A class of error more readily quantified is that of transla- 
tion, Among the 48 passages of mixed text that were read aloud (four passages 
Y each of 12 $s), 134 translations were made of individual words; there were, in 
addition, 10 in alternating text, and 2 in unilingual text. The Americans made 63 
of the 134, and the Europeans 71. These errors do not favor one language; for 
both groups of Ss, approximately the same number of translations was made from 
English to French as from French to English. A count of these errors according to 
the principal Parts of speech is shown in Table VIII. Unlike the substitution-errors 
in free speech described earlier, these translational errors in reading aloud concen- 
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trate in particular parts of speech, namely, nouns, articles, and Prepositions, which 
among themselves account for about 65% of all errors, E 
A few examples of translational errors are the following, the word in p 
theses showing what was substituted for the italicized word: et battit les 
for an omelette (pour); a la porte of his cell (de sa); then a riotous vent soulevali 
(wind); assis at his desk, his hand encore nerveuse (main); and placed in up 
ombreux cachot with triple locks (dans, avec). About three-fourths of these errors 
were 'inertial—a word in one language was translated into the language of the 
words preceding it. The first three examples are of this form. About 15% of the 


Since more than half of the translations. occurred among nouns, prepositioi 7 
and articles, we examined one simple syntactical unit—the prepositional phrase. 
with the analysis of free Speech, attention again was restricted to two-, three-, di 
four-element phrases of the form preposition-noun, Preposition-article-noun, an 
Preposition-article-adjective-noun. Translational errors among such preposition 
Phrases account for about 78% of all errors in which these four parts of speech 
occur. 

There are four ways in which a two-element phrase may be permuted, letting | 
and E stand for English and French words: EE, EF, FE, FF. There are eight per. 
mutations for three-element phrases, and 16 permutations for four-element phrases. 


number in the three-element form. Consequently, the findings to be reported are 
restricted to the three-element form and must be read for their qualitative rather 
than their quantitative import. 1 
The greatest number of translations were of unilingual prepositional phrases, 
Phrases of the form FEF and EEE in the text were translated in whole or part 
(FFF becomes EEE or EEF; EER becomes FFP, FFE, and so forth). In every cise 


the other language, When the text read FEE or EFF and a translation was mad 
the tendency was to translate the article to the language of the preposition: trans: — 
lations were made in one-third of the phrases of these forms and all went the same 


one language, nor does it insulate unilingual phrases from influences outside itself. 

Order-errors. The text the Ss read Contained 30 cases in which a sequence of 
words in one language violated normal syntactic arrangement. The following ate - 
examples of such structurally ambiguous Phrases, the syntactically correct form - 
Shown in parentheses: in a cell dark (in a dark cell); their clothes wet (their 


] 
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wet clothes); leur mouillés habits (leurs habits mouillés); solid en or hanap (solid 
gold goblet or hanap en or massif), About 20% of such structural ambiguities 
were ‘rectified’ by the reader, who made the words conform to their normal syn- 
tax. In other cases the English to was dropped before a French infinitive, e.g. “qui 
semblait ne to correspondre" was read “qui semblait ne correspondre." In still 
other cases, a phonological error was made that deprived the text of semantic sense 
but preserved a correct syntactic arrangement, e.g. "leurs mouillés habits" was read 
with the last as an English word, making "their clothes wet" read as if it meant 
"their wet customs." Similarly, "solid en or hanap" was read as if all the words 
were in English. Thus, among the structurally ambiguous phrases in which errors 
were made, phonological and semantic sense often were subordinated to syntactic 
requirements. 


DISCUSSION 


The results may be summarized as follows: Bilinguals comprehend 
material in their native language better than material in the foreign lan- 
guage, but connected discourse made by sampling haphazardly from each 
of a bilingual's two dictionaries is comprehended virtually as well as the 
average of the unilingual texts. This result was obtained with tests based 
on S's written answers to questions and also with objective tests (the recog- 
nition-test). The small variations that are found in the results are probably 
attributable to idiosyncrasies of knowledge and practice rather than to 
Variations in the linguistic form of the passage. 

When S is required to read passages aloud, however, he takes longer 
to read linguistically mixed material, while he reads alternating text in 
about the same time as the average of the two unilingual forms. The 
differences in time were used to compute a phonological code-switching 
time, which was found to be 0.3-0.5 sec, varying with motivational state 
and, presumably, with linguistic skill. When $ speaks freely or makes 
precis of the text he has read, the switching time is three to five times 
Breater, about 1.3 sec. Thus, code-switching is inhibitory for production but 
itrelevant to comprehension. 

An analysis of the grammatical errors in free speech revealed that 5 
does not make more errors when speaking in mixed form than he does in the 
average of the unilingual forms. Examination of the linguistic bond be- 
tween the elements of spoken prepositional phrases shows that in ‘free 
Speech’ the bond tends to be stronger between article and noun than be- 
tween preposition and article. Reading linguistically-mixed material aloud, 
S made errors of three kinds—phonological, translational, and ordinal. 
Words in one language often were read with the accent of the other, and 
Sometimes $ invented a new accent that had features not normally heard 
in either of his unilingual productions. Many words presented in one 
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language were translated into the other. The greater number of transla- 
tions were inertial: $ translated words from L, to conform to the ante- 
cedent string in L,; but a moderate number were anticipatory. Ordinal 
errors were made when S$ rectified a deliberately disordered sequence in 
the text to conform to its normal syntactic arrangement. Examination of 
the prepositional phrases in which translations were made indicate again 
that intrusions may occur within such a linguistic unit, but, in contrast 
with what was found for free speech, the bond between article and prepo- 
sition here appears to be stronger than the bond between article and noun. 
"Thus, even simple syntactic boundaries are permeable. 

The finding that bilingual Ss can derive information from linguistically 
mixed text as well as they can from unilingual text can be taken as support 
for the belief that words are perceived with respect to their symbolic or 
conceptual relations, and not their linguistic form as templates or things 
in themselves, The skilled reader seems able to ‘see through’ the objective 
form of the graphemes to the concepts they represent and to the relation 
of the concepts to the others that form the message he is decoding. These 
results confirm and extend the earlier findings of an essentially semantic 
storage of concepts in short-term memory.'? The limits of the extension 
are, however, not yet known. The present results indicate only that when 
the syntax of two languages is similar, as is the case with English and 
French, information can be derived as readily from a mixture of the two 
dictionaries as from one alone. This result contrasts with other forms of 
language-use described below and suggests a basic asymmetry between 
comprehension and production of language. 

When reading linguistically-mixed text aloud, $ usually cannot predict 
with probability greater than 0.5 the language in which a word will appeat 
following a word he is articulating. The unpredictable phonological se- 
quences slow him down. The increment in time to read mixed text aloud 
can be attributed at least in Part to the time required to switch between 
an English-generating and a French-generating phonological program, 
which we find is of the order of 0.3-0.5 sec. Similarly, when speaking 
freely, S's bilingual speech is slower than his unilingual speech. One 
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interval found for free speech includes both switching time and the time 
to make decisions. Consequently, the lesser value, in the region of 0.3-0.5 
sec., probably is a better estimate of switching time per se than is the greater. 
When we provided Ss with the total vocabulary needed to make precis, 
they made their phrases in one language shorter, i.e. they mixed more, 
and at least the American Ss spoke more rapidly. Thus, a second possible 
source of the slowing down in free speech is given by the suggestion 
that memory search may itself be impeded by searching in two dictionaries. 
This notion would be consistent with an earlier finding that in some cases 
internalized information is in linguistically tied forms which have separate 
long-term storages.1® 
_ Practice in speaking a mixed language enabled $ to generate it some- 
what more readily (Tables V and VII). Mixture here contrasts with what 
is reported to occur among peoples living in border regions, who readily 
use forms from either of the languages they know." In such cases, what 
appears to happen is that forms from the second language are intermixed 
with forms from the first, one language dominating; thus, in effect, the 
forms from the second language become vocabulary-items in the first, or 
alternate ways of phrasing information. e 
The process of reading aloud appears to be very different from speaking. One 
way of conceptualizing the reading process is in terms of the discrimination of 
Braphemes and the automatic translation of grapheme into phoneme (symbol into 
Sound), but our results are inconsistent with this notion. To make a phonological 
switch, $ first must recognize English words as English and French words as 
French. That is to say, to perform accurately S first must make a categorial identi- 
fication, not a mere symbol-sound translation, and only then can he proceed accord- 
ing to the language-specific phonological rules. It is not now known what the cri- 
teria for categorial recognition are. Diacritical marks clearly distinguish French 
from English words; yet many visually-accented words were pronounced as though 
they were English, especially when the items differed in the two languages only 
by an accent-mark (e.g. pále, précaution), although many uniquely French words 
Were also mispronounced, (e.g, a Frenchman pronounced flânerie as though it 
were the English word (flannery). In some cases, letter-sequences unlikely for a 
language were given the accent of that language (e.g, an American made pardan 
into vabrdban, and a Frenchman said gardera as an English word). An American 
pronounced moats as the French mots, and a Frenchman pronounced murs as the 
English moors. These events suggest that the phonological rules for symbol-sound 


IR nes Interlingual word associations, J. verb. Learn. verb. Bebav., 2, 1963, 
7. Weinteich, op. cit, 1-148. Diebold, Incipient bilingualism, Lang. 37, 1961, 
4E]. Gibson J i i A developmental 
s , J. J. Gibson, A. D. Pick, and Harry Osser, A develop! 
DI of the dir dae of leterike forms, J. comp. physiol. Psychol, 55, 
62, 897-906; E. J. Gibson, Learning to read. Science, 148, 1965, 1066-1072. 
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translation are relatively independent of the rules related to item-identification in 
using language; therefore, symbol-sound relations explain nothing about comprehen- 
sion. 

More-than-automatic symbol-sound translation also is suggested by the fact that 
S does not always say what is printed, nor does he proceed on a straightforward 
left-right scan. Rather, he translates words from one language into the other, nor- 
malizes disordered syntactic sequences, anticipates accent, and the like. Judged on 
the basis of the location of errors, however, reading aloud is predominantly serial, 
although not exclusively so, for 15% of translational errors can be attributed to 
the succeeding word. Thus, with respect to the skilled reader, the explanatory 
power of the grapheme-phoneme notion probably is restricted to the case of read- 
ing material of foreign or unknown vocabulary, e.g. an opera singer learning a 
libretto in a language he does not understand. 

The translations described are detectable, of course only in reading aloud, not in 
free speech. While most of them occurred within a simple syntactic unit (the ` 
prepositional phrase), many crossed its boundary, either part or all of a preposi: 
tional phrase being translated to conform to the language of the word antecedent 
to the phrase. Even a full sentence is not a boundary strong enough to prevent 
translations across the period. When $ read alternating sentences, the principal 
locus of translation was the first word of a sentence, which was translated to the 
Janguage of the preceding sentence. Conversely, not all surrounded words in mixed 
text were translated. It remains to be determined whether there is a quantitative 
relation between the frequency of translation and the size of the syntactic bound- 
ary, and what the criterial attributes are that $ uses to recognize a word as a member 
of a language, 

The finding that comprehension is independent of the linguistic mem- 
bership of lexical items, while reading aloud and free speech are not, is 
inconsistent with models of Janguage-use that assume a mirror-symmetty 
of process for the various functions. It may, of course, be argued that 
the differences found here are due only to motoric facts. For example, the 
tongue lies lower in the mouth for French than English and facial muscles 
are tensed differently for the two. Mechanical problems in changing the 
mean position of the tongue and the facial muscles rapidly might account 
not only for the ‘new accent’ that 5 invents when reading aloud, but also 

; "ye gU H 
account for the differences in time required to produce mixed and uni- 
lingual speech. This interpretation is inadequate for two reasons. First, 
qualitative differences in the kinds of error made mark reading aloud and 
talking freely; secondly, the nature of the bond between the constituent 
elements of prepositional phrases appears to be different in the two cases. 
Thus, even for the two tasks of reading aloud and talking, where both 
are dependent upon the same motor component, different kinds of of 
ganization of language are involved. These differences alone make it 
unlikely that mirror-symmetry accurately describes decoding and encoding 
routines, The processes involved in recognizing the informational content 
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sf a linguistic message may in fact be very different from the processes 


n 
"involved in generating messages.'* 
One interesting property of the mixtures which we have studied in an 
informal way is that $ encodes the information contained in a linguistic 
“sequence (e.g. in the case of alternating sentences), but, except for those 
“sentences that contain markedly distinctive vocabulary-items that act as 
‘ques, does not remember the language in which the message arrived. Doob 
as made a similar observation among: speakers of various African lan- 
Wages." Another qualitative observation that bears on the essentially 
"informational mode of language use is that, while preparing the linguis- 
‘tically mixed texts, we would lose the ability to identify to which language 
a given word belonged. The meaning of the words was always present, 
"but whether they were French or English rapidly became a difficult de- 
ision to make. Thus, the ability to categorize words with respect to their 
language fades rapidly, syntactic anomalies are missed, but the meaning of 
“the sentence resists these distortions.'* 
7 The nature of the psychological bond between elements in a sentence 
“and of the ‘thought units’ they are presumed to represent has been studied 
introspectively, but the results presented here haye left vs unable to identify 
any linguistic unit larger than a word whose boundaries are not perme- 
Able 9 To the degree that syntactic boundaries are linguistically specific, 
‘these results suggest that none can be identified as a dependable marker of 
‘thought unit.’ The fact that in naturalistic use of language by bilinguals 
Syntactic units tend to be formed in one language may be taken as the 
sult of over-learned motor sequences rather than as indices of cognition. 
The actual process of generating mixed speech cannot, however, be 
"identified from these experiments, although some conjectures are possible, 
‘One, developed from Chomsky, is that the ‘deep structure’ of the message 
is formulated and transformed according to rule, $ substituting words in 
L, for some in L, at the level of surface-structure; in this case, deep struc- 


" Chomsky has pointed but to me that the difference in the bonds between the 
ents of P ESOS HO phrases found in reading aloud and talking may indicate 
greater dependence on ‘surface structure’ in the first case and ‘deep structure in 


second, 

“L. W. Doob, The effect of language on verbal expression and recall, Amer. 
mibropol., 59, 1957, 88-100. E : ct: 
isc Jacques Mehler and G. A. Miller, Ra Eee ae e reca As 
E sent j $ j 
d uas inal od M RUM despite distortions of their 


ld be thought of as impermeable. Our 


This d i 
loes not mean that words phous be iliabement for dtablissement—but 


Ea contain only a single case—one $ sai 
ers come to mind in unilingual speech. 
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ture is regarded as virtually synonomous with conceptualization.2° Alter- 
natively, $ may make his ‘decisions’ about mixing prior to the formulation 
in deep structure, either by choosing individual words around which to 
build sentences, or perhaps by using some metalinguistic process of which 
deep structure is already a linguistic or proto-linguistic expression; in 
these cases, conceptualization is distinguished from deep structure. There 
also is the possibility that transitions are dictated by the availability of 
words rather than by ‘decisions'—whether S switches his free speech may 
depend upon whether he has a word available to fill out an expression 
within a certain interval of time. The question seems to be amenable to 
experimental analysis with the kinds of mixed linguistic forms used here; 
an analysis of the location and duration of pauses in the production of 
mixed speech may help to solve it, The contributions of the transforma- 
tional linguists make newly possible an experimental attack on these 
classical problems in psychology concerned with the ‘language’ of thought, 
and with the relation of thought to speech and other behavior, 


SuMMARY 


Bilingual Ss were,tested in several linguistic tasks with different kinds of 
material. Passages were prepared in unilingual, alternating, and mixed- 
language forms. The Ss were tested for comprehension, for ability to 
read aloud, to make precis, and to speak freely in these forms. Compre- 
hension was found to be unaffected by the linguistic form of a message, 
but the other tasks showed decrements of the order of 20-40% when mixed 
text was articulated. The equivalence for comprehension of the form of 
the text, the occurrence of unique kinds of error in reading, and the 
problems of memory-search in Beneration were taken as evidence that the 
encoding and decoding of language are not symmetrical operations. The 
kinds of error made in reading aloud demonstrate, in turn, that reading 


cannot be described accurately only in terms of grapheme-phoneme trans- 
lations, 


? Chomsky, op. cit, 1-251. 


FACTORS CONTRIBUTING TO THE DELAY IN THE 
PERCEPTION OF THE OCULOGRAVIC ILLUSION 


By BRANT CLARK and AsHTON GRAYBIEL, San Jose State College and 
U. S. Naval Aerospace Medical Institute 


If an observer (O) is seated in a fixed position on a human centrifuge 
at some distance from the center of rotation, he becomes aware of a 
change in spatial orientation as the velocity of the rotating platform 
changes. Thus, if he is accelerated from zero-velocity in darkness, he will 
report that he is being tilted away from the center of rotation, his apparent 
position assuming roughly the direction of the vector sum of the force of 
gravity and centripetal force. He will also report that dimly illuminated 
objects in his visual field will move and assume new positions in space 
(Fig. 1). But during this dynamic phase of these visual effects, which have 
been called the oculogravic illusion,' the change in the perceived horizontal 
does not keep pace with the changes in the force envirónment acting on 
the $ unless the change is quite slow.? For example, in a typical experi- 
ment a change in resultant force may take no more than 5 or 6 sec. whereas 
the full visual reorientation may require as much as 1 or 2 min. 

Mote recently, Clark and Graybiel have shown that similar lag will 
occur simply by manipulating the visual field with the gravitational en- 
vironment held constant.? The O, rotating in darkness at a constant 
velocity and having set a luminous line approximately to the gravito-inertial 
horizontal, is suddenly exposed to the lighted cubicle. The strong vertical 
and horizontal cues in the visual field cause him to reset the luminous line 
to à position nearer the gravitational (and visual) horizontal than the 
grvito-inertial horizontal. If the room lights are subsequently turned out, 
the luminous line will appear to rotate slowly and resume its former 
Position in space. This lag-effect also lasts for about 2 min. It was the 


D * Received for publication December 9, 1965. This study was conducted under the 
Sponsorship of the Office of Advanced Research and Technology, National Aero- 
s and Space Administration, Order no. R-93. 
*Br ton Graybiel, Oculogravic illusion, Arch. Ophthal. 48, 1952, 605-615. — 
" rant Clark and Ashton Graybiel, Visual perception of the horizontal following 
525594. to radial acceleration on a centrifuge, J. comp. physiol. Psychol., 44, 1951, 


È " 
iere and Graybiel, Contributing factors in the perception of the oculogravic 
lon, this JOURNAL, 76, 1963, 18-27. 


377 


378 CLARK AND GRAYBIEL 


purpose of the experiments reported here to investigate further the effects 
of certain selected conditions which might influence the course of the 
phenomena. 


METHOD 


(1) Apparatus. All of the observations were made in the Pensacola Slow Rotation 
Room which is, in simple terms, a carousel which rotates counterclockwise, O was 
seated in an erect position 5.5 ft. from the center of rotation and, in each experi- 
mental trial, was accelerated quickly to a velocity to produce a change in the 
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FIG, 1. SCHEMATIC REPRESENTATION OF THE FACTORS IN OCULOGRAVIC ILLUSION: 
Diagrammatic representation of O and ‘illusions’ he experiences when exposed to a 
change in gravitational force relative to himself in the frontal plane 
(Angle Ø = 30°) 


direction of resultant force (phi) of either 20° or 30° (Fig. 1). He was seated ina 
lightproof cubicle within the toom, and was strapped into position in a chair held 
rigidly to the floor, and a Fiberglas holder was used to maintain his head firmly in 
Position. A collimator mounted directly in front of him contained a luminous line 
which could be rotated about its center by either O or E, E was seated in the room di- 
rectly behind O where he could read the position of the luminous line to the nearest 
0.5*, 

(2) Observers. Five experienced men were studied, all of whom had normal 
thresholds to caloric stimulation, normal responses to rotation, and, under proper 
experimental conditions, had perceived the oculogyral illusion Eight deaf men 
with bilateral labyrinthine defects (LD) also served as Os in Experiment I. 


,. M. E. McLeod and J. C, Meek, A threshold caloric test: Results in normal sub- 
jects, NSAM-834, NASA Order R-47, Pensacola, Fla, U S, NavSchAviatMed, 1962 
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Detailed clinical findings on this group are described elsewhere, All were deaf and 
had abnormal labyrinthine responses. 

(3) Procedure. The same general procedure was used in the four experiments 
to be reported. Each series of observations began with the room stationary. The line 
was offset clockwise, and O set it to horizontal and maintained it in a horizontal 
position for 50 sec. E made a reading of the position of the line every 10 sec. 
Following different pre exposure conditions, the room was accelerated quickly to 
the desired velocity. O's task was merely to maintain the luminous line in a 
horizontal position throughout the trial. E again made regular observations of the 
position of the luminous line every 10 sec. throughout the trial. Rest-periods of 2 
min. were taken between successive trials. This procedure produced a record of O's 
perception of the horizontal as a function of time following a change in magnitude 
and direction of resultant force acting on him, The measure of the oculogravic illu- 
sion at each point in time was the deviation of the absolute setting from the gravita- 
tional horizontal corrected for any constant error shown in the preliminary, static 
settings. 

(4) Experiment I. The first experiment was planned to determine whether the na- 
ture of the pre &xposure visual field would influence the lag-effect. It was predicted 
that pre Exposure to a lighted room would produce a greater lag-effect in the percep- 
tion of the oculogravic illusion than pre éxposure to darkness. The normal and the 
labyrinthine defective (L-D) Os made continuous settings of the line to horizontal 
for 2 min. following a 2-min. exposure to a lighted room and,then after a 2-min. 
pre Exposure to darkness. 

(5) Experiment II, The second experiment was identical with Experiment I except 
that only the normal Os were used and that instead of permitting O to set the line 
freely throughout the trial, the line was offset clockwise every 15 sec., and the O 
reset it. 


Results: Since the results of the first two experiments were similar, they 
ate considered together. An examination of Figs. 2-4 shows the effect of 
làg both in normals and L-D Os; i.e. the deviation of the settings from the 
gravitational vertical increased with time. In Fig. 2 which shows the mean 
data for normals with continuous settings, there is a clear tendency for the 
Oculogtavic illusion to be greater following preéxposure to darkness after 
about 30 sec. of rotation. When the offset method was used (Fig. 4), 
the curves overlap at both velocities. Similar lag-effects are shown for the 
L-D Os, but the preéxposure to the lighted cubicle shows a greater effect 
than the preéxposure to darkness at the slower velocity (Fig. 3). 

To determine the significance of the differences in the light and dark 
conditions, the mean performance for each O for the final 30 sec. of the 
trials was determined. It was found that only one of the six comparisons 
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was significant at the 0.01 level while for all the others the p-values were 
greater than 0.10. Thus, the only significant difference was in the predicted 
direction, but all of the differences were quite small. For example, in the 
case of the lower velocity for Experiment I for the normal Os, it can be 
said at the 0.05 level of confidence that the difference is between 0.59 
and 3.29. 


Experiment III. Some incidental obsérvations following Experiments 
Iand II suggested that if there was a delay in presenting the luminous 
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line following acceleration to a constant velocity, much of the illusory 
effect would occur in the absence of the luminous line. This experiment 
Was planned to compare the effects of selected delays in presenting the 
luminous line following the beginning of rotation with the lag-effect 
when the line was visible continuously throughout the trial. 


The procedure was similar to that followed in Experiment II in which only the 
normal Os were tested. Immediately after the static observations were completed, O 
Was exposed to 2 min. of darkness, and then the room was quickly accelerated to 
Produce a change in the direction of resultant force of 20° or 30°. In these trials, 
owever, seven conditions of delay in exposure of the luminous line were used. In 
the first condition, the luminous line was turned on as soon as the room began to 
Totate as in the Previous experiments. For the second condition, the room rotated 
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with the O in darkness for 10 sec., and then the luminous line was turned on and 
readings began 10 sec. later at 20 sec ‘The seven delay conditions were: 0, 10, 20, 
30, 50, 70, and 120 sec. The room rotated for 3 min. during each trial, offsets and 
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Experiment III; delay series, continuous settings. 


settings being made every 10 sec. The order of presentation was randomized, and five 
trials were taken for each delay-period at each of the two velocities of rotation. 


Results: Experiment III. The changing pattern in the perception of the 


visual horizontal as a function of the delay in presenting the target is 
shown by the two sets of curves in Fig. 5. It is apparent that with in- 
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creasing delay, an increasing amount of the illusory effect had already 
occurred by the time of the first setting. When the time of delay was 
short, the subsequent pattern was similar to the settings of the zero-delay 
curve, With longer delays, the nonvisual antecedent effects reached the 
end of their influence before the potential magnitude of the illusion was 
reached, Nevertheless, with delay-times beyond 70 sec., the illusion may 
still be quantitatively increased somewhat even after the target has been 
presented. At phi = 20° this declining influence of the presentation of 


the visual target was present for delay-times up to the maximum of 2 
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min. On the other hand, for phi — 30? delays longer than 70 sec. ap- 
peared to have little additional influence on the setting of the line. This 
Suggests that the magnitude of the effect producing the phenomenon are 
Important in influencing thé pattern of this lag-effect. À 

An attempt to give a quantitative approximation of the nonvisual con- 
Stituent of the oculogravic illusion is found in Fig. 6. The upper curves of 
the two sets of curves are identical with the two zero-delay curves, one at 
Phi = 20° and the other at phi = 30° (Fig. 5). The two middle curves 
ate plots of the initial settings of each of the six longer delay conditions. 

ese curves give an approximation of the nonvisual constituent of the 
Phenomenon, but they are overestimations of the amount of the nonvisual 
Constituent because at the time the reading was made, the light had been 
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on for 10 sec. These points, therefore, include the nonvisual influence plus 
10 sec. of visual influence. A second approximation was then made by 
extrapolating the six curves backward in time for, 10 sec., the time when 
the light was turned on. These extrapolations are shown in the two lower 
curves which give an estimate of the nonvisual constituent alone. It is 
apparent that the two lower curves at each level of the phi are very similar 
to the zero-delay curves for the first 30 sec. This would appear to indicate 
the strong influence of the nonvisual constituent during this period. 
"Thereafter, the zero-delay curve becomes and remains well above both 
estimates of the nonvisual effect. For a change in direction of resultant force 
of 20°, all of the means of the six delay conditions were significantly less 
than those for the zero-delay condition (p < 0.05). The differences at the 
greater velocity were less convincing, but the differences at 50 and 120 
sec. were significant (p < 0.05). Three of the remaining four were in 
the predicted direction, but none of the differences was statistically signifi- 
cant, 


Experiment IV. The fourth experiment involved a comparison of the 
oculogravic illusion following 2 min. of preéxposure to two visual targets 
during rotation with the results of a replication of the zero-delay Experi- 
ment III. Thus, the oculogravic illusion was determined following 2 min. 
of setting the line to the perceived horizontal after a rapid acceleration to 
a constant velocity and following two conditions of fixation of a visual 
target without a determination of the O's perceived horizontal. 

In the first preéxposure, O continuously observed a 1/16-in. circular spot of light 
placed 17V4 in, in front of him. Following 2 min. of constant rotation, the spot 


was turned off, the line of light was turned on, and settings of the line to the 


peiceived horizontal were made as in the zero-delay condition. During the second 
condition of fixation, O viewed the | 


settings made before rotation began. Therefore, O observed the oculogravic illusion 


target, Again, five trials were taken for each O, for each fixation, and for the two 
velocities of rotation. il 


Results: Experiment IV. The mean oculogravic illusion at 130 sec. fol- 
lowing 2 min. of setting of the line to horizontal for a phi of 20° was 17.6? 
and for a phi of 309 it was 30.89 (cf. Fig. 5). Following the fixation of 
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the spot, the corresponding means were 15.0? and 23.3°, and following 
the fixation of the line the means were 15.3° and 26.9°. The following 
five settings showed a small increase as in Experiment III. The differences 
in the results at 130 sec. were, however, not statistically significant follow- 
ing the fixation of the spot (p > 0.10 at both velocities). Following the 
fixation of the line, the difference was not significant for phi equals 20° 
(p > 0.05), but at a phi of 30°, it was barely significant (p < 0.05). 
These data when compared with the results of Experiment IIT suggest 
that mere visual fixation during the delay-period has a very small influence, 
if any, on the lag effect of the oculogravic illusion as observed in this 
experiment. 


Discussion 


The results of these experiments give additional evidence of a visual and a 
nonvisual constituent involved in the lag in the perception of the oculogravic illu- 
sion. They also shed some light on the factors involved and show that in this 
situation the nonvisual constituent predominates. Graybiel and Brown speculated 
that the lag-effect might have its genesis either in the end-organ or in the time 
required for the integration of incoming impulses which contribute toward spatial 
orientation." Regarding the first possibility, deVries has shown that the time 
necessary for the stones of the utricle to assume their new position following a 
change in direction of resultant force is a small fraction of a second." Another 
possibility at the end-organ level would be a prolonged change in the frequency 
of neural discharge following stimulation. Léwenstein and Roberts have reported 
such a change in the frequency of discharge of single twigs from the otolith organs 
of the Thornback ray which terminated within 30 sec. after the cessation of move- 
ment of their preparations. They also reported that when the preparation is held 
stationary following a tilt that “the increased or decreased discharge frequently 
reverts somewhat toward the initial level remaining, however, significantly above or 
below it for a matter of minutes.” They also point out, "It is clear that the discharge 
frequency returns in every case to a basic level and that it therefore is unsuitable to 
furnish a position signal." That is, the change in frequency of discharge of indi- 
vidual fibers per se would not appear to be an adequate cue to produce the lag-effect. 
Consequently, it becomes necessary to look elsewhere for factors contributing to the 
lag-effect, and the time necessary to integrate information from various mechanisms 
appears to be a likely sourcé. This notion would also be supported by the lag-effect 
at a constant velocity of rotation when passing from a full visual framework to 
darkness. 


" Ashton Graybiel and R. H. Brown, The delay in visual reorientation following 
exposure to a change in resultant force on human centrifuge, J. ge. Physiol, 45, 
1951, 143-150. : i " 

"Hl. de Vries, The mechanics of the labyrinth otoliths, Acta Otolaryng., Stockh., 
38, 1950, 262-273. f 

a e ud. and T. D. M. Roberts, The equilibrium function of the Thorn- 
back ray (Raja clavata), J. Physiol., 110, 1950, 392-415, esp. 410. 

* Clark and Graybiel, op. cit., 1963, 27. 
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It has been known for many years that both visual and postural cues interact in 
the perception of the visual vertical and horizontal, not only in the case of the 
oculogravic illusion but also in. such effects as the A- and the E-phenomenon.” 
Nevertheless, Experiments I and II show that exposure to a visual framework 
before rotation begins does nof have substantial influence on the course of the 
lag-effect. On the other hand, it has been shown that when the force environ- 
ment is held constant and the oculogravic illusion is reduced by exposure to a com- 
plex visual framework, a lag-effect is again manifested when the visual framework 
is removed, and O observes the luminous line in darkness. That is, the apparent 
visual horizontal will shift slowly from the visual frame of reference to the gravita- 
tional frame of reference." It is noteworthy that these two effects have the same 
general pattern of change over time. This would appear to explain why the pre- 
exposure to the visual framework did not substantially influence the lag-effect. 

A comparison of Figs. 2 and 3 shows that the L-D Os have a smaller oculogravic - 
illusion and less lag than the normal Os. This gives further support to the well- 
established relationship between the oculogravic illusion and the vestibular mecha- 
nism." Furthermore the L-D Os exhibited a much greater variability of response. 
An examination of the individual curves (not shown) of the L-D Os showed much 
variability throughout the 2-min. trials for some Os while others showed a lag 
similar to that of the normal Os. These results correspond to the variability of the 
same group of L-D Os on a parallel swing.” ^ 

‘The data from Experiment III support the principle of interaction of visual and’ 
gravitational factors in producing the oculogravic illusion. Tt is also clear that in 
the absence of vision, certain nonvisual processes produce the major part of the 
effects which result in a modification of the perceived visual horizontal producing 
the oculogravic illusion. These nonvisual processes show their influence immediately 
upon the presentation of the luminous line (Fig. 5). It is equally evident that the 
nonvisual constituent increases for 60 to 80 sec. and then remains relatively constant 
at least up to 3 min, Following the presentation of the line, the illusory effect in- 
creases Somewhat for 60 sec. or more until it approximates the level of the zero- 
delay with the exception of the 2-min. delay in which case it remains 2-5? less than 
that during zero delay for the final minute of the observations. Whether the curves 
for the prolonged periods of delay would continue to rise after 3 min. is not cleat 
from these data, but it is reasonable to expect that they would not in the light of 
the fact that the major portion of the lag-effects is completed in 60 sec. The data 
suggest that the visual constituent of the lag would also be found for more pro- 
s e of delay because these two curves also level off after about 1 min. 

ig. 5). A 
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"The basic neurophysiological mechanisms underlying the lag-effect are not known, 
but many studies have shown visual-vestibular coürdination, and it is well known 
that certain neurons in the visual cortex respond to vestibular stimulation. Two 
experimental findings appear clear from this and other studies. First, if a normal O 
obs a luminous line in darkness following an abrupt change in the direction 
and magnitude of resultant force acting on him, there is a gradual reorientation of 
the visual horizontal (lag-effect), the end result of which is roughly in accord with 
the gravito-inertial horizontal. Secondly, if the judgments of the horizontal are 
delayed, the lag-effect is even. greater. These experimental results may be understood 
in terms, of what Helson has called pooling, or in this case "cross modality inter- 
actions," in processing information from various sense organs." Helson argues, 
within thé framework of his theory of adaptation-level, that stimuli are not equally 
weighted in perception, and this would appear to apply directly to the oculogravic 
„illusion in general and to the lag-effect in particular, He states that, although some 
investigators believe that the pooling of cues can involve only present and im- 
mediately preceding stimuli, the experimental evidence indicates that these inter- 
actions may operate over extended periods. 

Helson's notion of differential weighting of cues over time would appear to 
apply to the lag-effect, It would assume that there would be a decrease in the 
weighting of visual factors and a corresponding increase in the weighting of 
gravitational factors over time, producing a shift in the perceptual norm. In the 
static situation, the retinal lines of the horizontal are in accord with the gravita- 
tional cues, and there is no conflict in information and hence no problem of 
differential weighting of cues, On the other hand, when there is a sudden change 
in the direction of the resultant force, the gravitational cues become disparate with 
respect to the retinal horizontal. At the outset, the visual cues may be said to have 
the heaviest weighting in the perception of the horizontal. This is supported by the 
fact that there is no measurable lag-effect when a luminous line is viewed in dark- 
ness during constant rotation and a visual framework is then presented.” The 
shift to the visual framework is immediate. Studies by Witkin (e.g. Witkin and 
Asch)" also support the notion of the heavy weighting of visual factors, and 
recently Hammer has found that there are relatively small constant errors in setting £ 
luminous line to vertical in darkness under zero-gravity conditions." Ss set a lumi- 
nous line very close to vertical as represented by the position of the retinal receptors, 
but Hammer did find significantly greater average errors. In the case of the lag- 
effect, this heavy weighting of visual cues decreases with time, and the apparent 
visual horizontal changes in a series of steps over time as the weighting is shifted 
to the gravitational cues until the visual horizontal is perceived to be very close 
to the gravitational horizontal.” It would appear, therefore, that these results are 
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an example of the pooling of information from different sensory processes and of 
changes in weighting over time as suggested by Helson.” 


SUMMARY 


The purpose of this study was to observe the effects of factors which 
contribute to the delay in the change in the perception of the horizontal 
following a change in the direction of resultant force acting on an O (the 
oculogravic illusion). Five normal and eight labyrinthine defective men 
were studied in a Slow Rotation Room. Four Separate experiments were 
conducted with changes in direction of resultant force of 209 or 309 
acting on the Os. The results showed very small effects of preéxposure- 
conditions prior to the change in direction of resultant force. On the. 
other hand, delays in the presentation of a luminous target following a 
change in the resultant force and before settings to the visual horizontal 
occurred produced major, systematic effects on the perception of the visual 
horizontal. These results are discussed in terms of the interaction of visual. 
and gravitational cues in producing the lag-effect. 


? Helson, op. cit., 89-94. 
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FUNCTIONS OF HINTS IN INDIVIDUAL PROBLEM-SOLVING 


By RONALD J. BURKE, Norman R. F. MAIER, and L. RICHARD HOFFMAN 
University of Michigan 


A number of investigators have studied problem-solving by giving hints 

of various kinds to $s. A common question raised is, "What makes a 
hint good?" There is evidence indicating that hints which “explicate the 
goal" are more helpful than hints which do not; that "concrete hints" 
'are more helpful than "abstract hints"; and that hints having no value, 
but which precede the appearance of a solution, are given credit for causing 
the solution, while hints known to be effective escape consciousness," 
More needs to be known, however, about how hints help Ss in solving a 
problem. Why are some hints helpful, while others are not? Why is the’ 
same hint helpful to one $ and not to another? 

Maier has shown that Ss frequently try to incorporate hints into the approaches 
they have adopted in solving the problem, so that the hint is ineffective in changing 
their approaches.9 Occasionally, where no part of the hint could be incorporated into 
the ongoing approach, the Ss seemed to reject it as irrelevant. Maier's hints were 
often tangential and ambiguous and were offered in a way which permitted $ to 
ignore them if he failed to see their relevance to his problem. 

In the present study we were interested in how the Ss used the infor- 
mation provided in hints. The hints were presented, therefore, in as clear 
and unambiguous form as possible and in an authoritative manner by E. 
Thus, all the Ss were obliged to attend to the hints and to try and use 
them in solving the problem. As a result it was possible to determine 
exactly what impact each hint had both on the success of $ and on the 
approach he used in trying to achieve a solution. : 


m Received for publication October 19, 1965. The research reported was supported 
by USPHS Grant No. MH-02704, United States Public Health Service. 

1Karl Duncker, On problem solving, Psychol. Monogr., 58, 1945, (No. 270) 
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1942, (No. 248) 1-95; N. R. F. Maier, Reasoning in humans: I. On direction, 
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ance in consciousness, ibid., 12, 1931, 181-194; Max Wertheimer, Productive Think- 
ing, 1945, 14-78. v 
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In addition, the importance of timing of hints was explored by com- 
paring the relative effectiveness of hints when given at the outset (before 
S attempted a solution) and when given after 30 min. of problem-solving 
(after one or more. approaches to the problem had failed). 


Method: (1) Subjects. The Ss were 234 men obtained from the introductory course 
in psychology. ^ 

(2) Problem. Maiers Hatrack Problem is a construction problem in which S is 
required to build a structure sufficiéntly stable to Support a man’s overcoat using 
only two sticks (one, 1" xX 1” X 60^, the other, 1" X 1" x 43”) and a 2" C-clamp.* 
The opening of the clamp is wide enough so that both sticks can be inserted and 
held together securely when the clamp is tightened. 

Evety $ was asked to build the hatrack at a point in the center of the room, The 
only stable solution to this problem consists in clamping the two sticks together so * 
that they can be wedged between the floor and the ceiling. The clamp handle func- 
tions as the hook on which to hang the coat. Since a basement room was used and 
the ceiling was made of concrete, there was no reason to reject the solution because 
it might damage the room, 

Previous research with the Hatrack Problem has indicated two common incorrect 
assumptions the Ss tend to make in trying to solve the problem: (1) a hatrack is a 
vertical structure which rests on the floor; and (2) the coat must be hung at the 
end of one of the sticks,® Both of these assumptions are in conflict with finding the 
Correct solution, which requires the use of the ceiling as a support for the structure 
and the clamp as both the coat hanger and a fastener for the two sticks. 

(3) Hints. Hints designed to overcome each of these incorrect assumptions were 
used. One, named the Ceiling-hint, was designed to call attention to the ceiling as a 
possible means of Support. It was stated as follows: "In the correct solution the 
ceiling is part of the construction." The other, named the Clamp-hint, was designed 
to call attention to the clamp’s use as a way of holding the coat. It was stated as 
follows: "In the correct solution the clamp is used as the coat hanger." Some of the 
5s were given both hints, stated as follows: "In the correct solution the ceiling is 
part of the construction and the clamp is used as the coat hanger." The hints used in 
this experiment supply elements which are part of the final solution and are incongru- 
ous with one or both of the two approaches most commonly adopted by the Ss. 

(4) Setting. The experimental room was 26/7" X 147". The ceiling was 8' high, 
but two beams jutted down from the ceiling about 2’, dividing the room into thirds. In 


ceiling; and both the ceiling and floor had minor irregularities. All of these char- 


acteristics of the room served as unique opportunities upon which various Ss tried to 
capitalize. 


* Maier, Reasoning in humans: II. The mechanisms of equivalent stimuli and of 
reasoning, J. exp. Psychol., 35, 1945, 349-360. 

. L. R. Hoffman, R. J. Burke, and N. R. F. Maier, Does training with differential 
Qu s problems help in Solving a new problem?, Psychol. Rep., 

h » 147-154. 
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the two. hints if they failed to solve the problem after 30 min. Of these, 36 solved 
the problem before the hints were given and were eliminated from the experiment. 
Of the remaining 66 Ss, 35 received the Geiling-hint and 31 received the Clamp-hint. 
The assignment of the hints was determined randomly for each S before the ex- 
perimental session and, therefore, was unrelated to S's performance. Eight minutes 
were permitted for the utilization of the hint received. 

In the second study the hints were given at the outset. The 132 Ss were assigned 
* randomly to one of the following conditions: (a) Ceiling-hint (N = 30), (b) Clamp- 
hint (N = 30), (c) Both hints (N = 30), (d) Control (N = 42), in which 
no hints were given. The hints used were supplied immediately after the problem 
was introduced, but before the $s had an opportunity to think about the problem. In 
all cases the session was terminated either when 5 produced the correct solution or 
at the end of 20 min. of effort. 

All the Ss were tested individually. Each $ was told that E was interested in what 
“people do in new situations. After $ seemed to be at ease, the problem was intro- 
duced. E recorded the solutions attempted by S in 30-sec. intervals on an observa- 
tional sheet. When it was not obvious what S was trying to do, E would ask him what 
he was thinking. A heavy overcoat was available for S's use to test the effectiveness 
of his construction. 


Results: (1) Effect of hints given during problem-solving activity. 
In the 8 min. following the hints (given after 30 min. of failure to solve 
the problem), correct solutions were produced by 45.7% of the Ss who re- 
ceived the Ceiling-hint as compared to 16.1% of the Ss who received 
the Clamp-hint, a percentage-difference significant at the 0.01 level of 
confidence. Thus, one might conclude that the Ceiling-hint is more effec- 
tive than the Clamp-hint. 

In an attempt to understand how the Ceiling- and Clamp-hints affected 
problem-solving behavior, the records of the solutions attempted were 
classified into five basic types. 


(a) Base: one stick is used as a support to hold the second one vertically, with the 
damp joining them. 

(b) Balance: the sticks are leaned against each other in an “X” or "T" shape with 
the clamp joining them. 

(c) Support: any solution using a part of the room (walls, pipes, ceiling beams) 
to hold up the construction yith one of the sticks remaining on the floor. 

(d) Ceiling-Suspension: both sticks off the floor, being wedged between ceiling 
pipes and ceiling or ceiling beam, with the clamp joining them or appended to the 
joined ends. 

(e) Floor-Ceiling: the correct solution in which the sticks are wedged between 
floor and ceiling and joined tightly by the clamp. The clamp serves as a hook for the 
coat in this construction. 


° This classification is a modification of one used by A. J. Judson, C. W. Cofer, 
and Sidney Gelfand, Reasoning as an associative process: II. "Direction" in prob- 
lem solving as a function of prior reinforcement of relevant responses, Psychol. 
Rep., 2, 1956, 501-507. 
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The effect of the hints on $s' problem-solving process can be seen 
from a comparison of the types of solutions attempted immediately before 
and after each of the hints was given. The first and second columns of 
Table I show the proportion of $s who were trying cach type of solution 
just prior to the hint. This comparison shows essentially no differences 
in the types of solutions being worked on by the Ss in the two groups at 
that point. Columns 1 and 3 of Table I show that after the Ceiling-hint, 
the Ss attempted significantly fewer Base and Balance solutions and sig- 
nificantly more Support and Floor-Ceiling solutions. While the Ceiling- 
hint succeeded in making the Ss abandon Base and Balance approaches, 


TABLE I 


Tyres OF SOLUTIONS ATTEMPTED JUST BEFORE AND JUST AFTER 
CEILING- AND CLAMP-HINTS 


Last solution attempted First solution attempted 
before hint after hint 
Ceiling-hint Clamp-hint Ceiling-hint Clamp-hint 
(N=35) (N=31) (N=35) (N=31) 
Type of Solution N è  % N % KEE o | NT, 
(a) Base 10 28.6 10 322 0 0.08 3 9.78 
(b) Balance 7 20.0 9 29.0 0 0.08* 13 41.9 
(c) Support 4-114 1294 DL Fy a sc | 3:2 
(d) Ceiling- 
Suspension 14 40.0 11 35.6 16 45,7 13 41.9 
(e) Floor Ceiling — 0 0. 0 0.0 EKS 1 3.2 


* Percentage difference between Ceiling- and Clamp-Hint: significant at 0.01, 
Percentage difference between Ceiling- and Clamp-Hint: significant at 0.05. 
Percentage is significantly higher (0.05) after than before hint. 

Percentage is significantly lower (0.05) before than after hint. 
à vast majority of these Ss shifted initially to an alternative incorrect solu- 
ton (Support or Ceiling-Suspension). Only 22.8% of these Ss were 
prompted to find the correct solution on their first attempt. 

The major change in the types of solutions attempted by the Ss who 
received the Clamp-hint (Columns 2 and 4) was the reduction in the 
proportion who continued to work on Base solutions (from 32.206 to 
9.7%). Most solutions of the Base type involved using the clamp handle 
on the floor to provide a third point of support at the base of the con- 
struction. The instruction that the coat should be hung on the clamp handle 
made this approach obviously the wrong one. The $s who abandoned 
the Base solution did not find the correct solution immediately, however, 
but were more likely to attempt one of the other incorrect solutions. Table 
I also shows the greater immediate effectiveness of the Ceiling-hint than 
the Clamp-hint in producing correct solutions (22.8% vs. 3.2%). 
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The ways in which the two hints affected Ss’ problem-solving behavior 
can be seen even more clearly by examining how each influenced the 
problem-solving activity in progress at the time the hint was received. 
The attempts at solution preceding the hint and those following it were 
classified according to whether the Ss used the floor or the ceiling as the 
main focus of construction, The Ss who received the Ceiling-hint and the 
Clamp-hint were then compared for changes in behavior following the 
hint. A comparison of Rows 1 and 2 in Table II shows that the Ss who 
received the Clamp-hint more often retained the same approach than 
changed, regardless of the approach they had adopted prior to the hint. 
Except for the single success, most of the Ss who had been trying 
to build up from the floor continued to do so (78.9%), and those Ss 


TABLE II 
CHANGES IN APPROACH FOLLOWING CEILING- AND CLAMP-HiNTS 
Type of first solution after hint 


Attempts 
Before "Type of Floor Ceiling Correct solution Total 
Hint Hint A 
N % N % N % 
Floor Clamp 15 78.9* 3  15.8f 1 5.31. 19 
Ceiling 1 8.3* 11 91.71 0 a 12 
Floor 0 0.0 12 . 70.6 5 29.4 17 
Ceiling 0 0.0 15. 383.5 3 16.7§ 18 


Note: Percentages having the same superscript are significantly different at the fol- 
lowing levels: 
"0.01; $0.01; $0.06; $0.07. 


working with the ceiling also generally continued along the same line 
(91.7%). 

The Ss who received the Ceiling hint, on the other hand, present a 
different picture. All those who had been working on a floor approach 
prior to the hint, and who still failed to solve the problem, shifted to 
some use of the ceiling following the hint (70.6%). The Ss, however, 
who had already adopted a ceiling approach retained that approach 
(83.3%). 

Table II also shows that the Ceiling-hint was more effective than the 
Clamp-hint in producing correct solutions whether the Ss were attempting 
floor (29.4% vs. 5.3%) or ceiling approaches (16.7% vs. 0.0%). In 
addition there was a slight tendency for the Ceiling-hint to be more effec- 
tive for Ss working off the floor than for Ss working off the ceiling (29.4% 
vs. 16.7%). 

(2) Effect of hints given before problem-solving activity. Let us next 
examine the data obtained from the Ss who were given the hints at the out- 
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set, before they had an opportunity to establish mental sets or directions in 
their thinking. Table III reports the number and percentage of initial types 
of solution attempted in the three experimental conditions and in the con- 
trol condition. The Ceiling- and Clamp-hints together appear to have had 
essentially the same effect on the distribution of first solutions as the Ceil- 
ing-hint alone (Columns 1 and 2), This effect was different, however, from 
that produced by the Clamp-hint alone. The Ceiling-hint reduced the num- 
ber of Base- and Balance-solutions since these relied on the floor as the sole 
means of support for the construction, The Clamp-hint reduced the num- 
ber of Base-solutions since the instruction that the coat should be hung on 


TABLE III 
‘Types or Inrttat SOLUTIONS ATTEMPTED WHEN HINTS ARE GIVEN AT OUTSET 
Conditions 
Both Hints Ceiling-Hint  Clamp-Hint Control 
Type of 
solution (N=30) (N=30) (N =30) (N=42) 
N % N % N % N % 
(a) Base 0 0.0¢ 1 3.3t 1 3:910 11 - 26:2 
(b) Balance Quo Off. -0' 001 11^ 36; 15. 357 
(c) Support 6 20.0 5 16.7 and Ein) Sree! 
(d) Ceiling- 
Suspension 11 36.7 11 36,7 105/-33.3 9 214 


(e) Floor-Ceiling 13  43.3*$ 13 43.339 6 20:0 4 9,5 


0 aap 
vk ICT S MN than comparable percentage in. Clamp-hint con- 
ione] pe E p Te than com à : i à i 

condition at the 0.05 level «f ec eru parable percentage in Clamp-hint 


the clamp made this solution incompatible with the hint. Thus, the Ceiling- 
hint eliminated two incorrect solutions and the Clamp-hint eliminated one 
incorrect solution frequently attempted by the Ss not receiving hints, In 
terms of success on the first attempt, the Ceiling-hint, whether given alone 
or together with the Clamp-hint, was more effective in increasing the pro- 
portion of correct solutions than the Clamp-hint (43.3% vs, 20.0%). 
Table IV extends the time-span to show the number of Ss who attempted 
solutions of each type during the first 20 min. It should be noted that the 
Ss could enter more than one category in this tabulation. The striking 
finding here is the tendency for certain types of solution which were 
eliminated on the first attempt by hints given at the outset, to make a 
delayed appearance when the Ss were unsuccessful in using the hint to 
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solve the problem correctly. This tendency is most marked for 5s who 
received the Clamp-hint. Only one of these Ss (3.366) attempted a Base- 
solution initially (Table IIT), whereas after 20 min. 8 Ss (26.7%) had 
attempted it. Base- and Balance-solutions which were initially eliminated 
by the Ceiling-hint, also began to appear, although less frequently. Only 
once did an S attempt an incompatible solution after both hints had been 
given. This suggests that the Ss who are unable to use a hint to achieve 
the correct solution may regress to incbmpatible types of solution. 

A second point of interest was the similarity of all hints in the per- 


TABLE IV 


SOLUTIONS ATTEMPTED DURING THE First 20 MIN. WHEN Hints 
ARE GIVEN AT THE ONSET 


Both Hints Ceiling-Hint Clamp-Hint Control 
Type of 
Solution (N=30) (N=30) (N=30) (N=42) 
N % N % N % N % 
(a) Base 1-585511 2 6t 8 26.71 23 548 
(b) Balance 0  0.0ff 2956 TE, ak. - 4617 25 59.5 
(c) Ceiling- 
Suspension 12 40.0 12 40.0 12 40,0 14 . 33,3 
(d) Support 10 33.3 8 26.7 8 26.7 14 33.3 


(e) Floor-Ceiling 22 73.3* 2307601" 21 70.0* 20 47.6 


* Percentage is significantly higher than comparable percentage in control condition 
at the 0.05 level of confidence. 

+ Percentage is significantly lower than comparable percentage in control condition 
at the 0,05 level of confidence. 

1 Percentage is significantly lower than comparable percentage in Clamp-hint con- 
dition at the 0.05 level of confidence. 


centage of correct solutions produced. The initial superiority of the Ceiling- 
hint over the Clamp-hint tended to be reduced with the passage of time. 
The gradual development of the delayed positive effect of the Clamp-hint 
can be seen in Table V. In this table, the number and percentage of correct 
solutions is presented for the three experimental conditions and the control 
condition at six compasison-points. Only for the first solution attempt is the 
Ceiling-hint significantly better than the Clamp-hint. After 10 min. there is 
little difference among the three hint-conditions. At the end of 20-min. the 
three hint-conditions are very similar and significantly better than the con- 
trol condition. 

The data from the two investigations allow a preliminary exploration 
into the effect of timing on the usefulness of hints. This comparison must 
be made with some caution because the populations in the two investiga- 
tions are not strictly comparable, since the first investigation eliminated the 


396 BURKE, MAIER, AND HOFFMAN 


5s who solved the problem without hints prior to 30 min. Table VI presents 
the data for the two hints when given at the outset and when given after 
30 min. of problem-solving activity. 

It appears that the hints given before and after problem-solving began 
had essentially the same immediate effect on the distribution of incorrect 


TABLE V 


SrAGES AT WHICH CORRÉCT SOLUTIONS APPEARED FOR 
Four HiNT-CoNprTIONS 


Both Hints Ceiling-Hint Clamp-Hint Control 

Time Ending (N 730) (N30) (N 930; (N42) 

N % N % N % N % 
First Solution 13 43.3*f 13 43.3*t 6 20.0 4 9.5 
5 Min, 18  60.0* 15  50,0* 12 40.0 11 26.2 
8 Min. 20 66.7" 16 53.3 13 43.3 16 38.1 
10 Min. 20 66.7* 17 56.7 18 60.0 18 42.9 
15 Min. 22. ,13.3* 22. 13.3* 19 63.3 19 45.2 
20 Min. 22: 73.3% 23 76.7* 21 70.0* 20 47.6 


* Percentage is significantly higher than comparable percentage in control condition 
at the 0.05 level of confidence: j P di SER 

T Percentage is significantly higher than comparable percentage in Clamp Hint 
condition at the 0.05 level of confidence. 


TABLE VI 


COMPARISON OF SOLUTIONS IMMEDIATELY FOLLOWING CEILING- AND CLAMP-HiNTS 
WHEN GIVEN BEFORE AND AFTER PROBLEM-SOLVING ACTIVITY 


Ceiling-Hint Clamp-Hint 

before after before after 

Type of (N 9 30; N=35 -30 a 1 
E A MEM. um 
a) Base 1 3.3 0 0.0 1 3.3 3 9.7 
b) Balance 0 0.0 0 0.0 11 36.7 13 41.9 
e) S rt S 16.7 TIT 731.4 2 6.7 1 3.2 

(d) rola ? 

spension 11 — 36.7 16 45.7 10 33. 13. 41.9 
(e) Floor-Ceiling 13 ^ 43.3 8 228 6 200 1 3.2 


types of solution. In both cases, the Ceiling-hint eliminated Base- and 
Balance-solutions (a and b) but the Support-solution (c) seems to have 
been favored slightly more when hints were given later (31.4%) than 
when given at the outset (16.79%). The Clamp-hint had a very similar 
effect, regardless of whether it was given at the outset or after a period of 
problem solving. 

The fact that the correct solution immediately follows a hint mote often 
when given at the outset than when given later raises an interesting ques- 


c 
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tion. In the case of the Ceiling-hint, the comparison between before and 
afler is 43.3% and 22.8% respectively, and for the Clamp-hint it is 20.09% 
and 3.2% respectively. Some Ss in the before condition, however, would 
have solved the problem without the help of hints. Since 9.59% of the 
control Ss find the correct solution at the outset, we must subtract this 
figure from the before condition. The comparisons now become 33.8% and 
22.8% for the Ceiling-hint and 10.596 and 3.2% for the Clamp-hint, a 
trend still favoring the before conditioA for both hints but no longer sig- 
nificant. 


Discussion. The solutions attempted have been classified into five categories: 
(a) Base, (6) Balance, (c) Support, (4) Ceiling-Suspension, and (e) Floor- 
Ceiling. The first four categories represent approaches that fail because the material 
supplied is inadequate for making them successful, while the fifth is the correct and 
only workable solution, Classifying solutions is not difficult because it is clear from 
his behavior what $ is attempting to accomplish, Thus, an $ who constructs an in- 
verted "T" by clamping the sticks in this manner, is attempting to make an old- 
fashioned three-legged hatrack. 

Maier has used the term “direction” in thinking because the various manipula- 
tions within a type of solution reveal a patterned trial and error activity.’ Krechev- 
sky used the term “hypothesis behavior” to indicate a similar function.’ A mediating 
term is needed because the varied behaviors (e.g. different ways of getting legs for 
the hatrack) are selectively controlled. The process of direction selects objects from 
the environment and memories from the past in building a solution. Maier dis- 
tinguished between habitual and new directions because some approaches to solutions 
are derived from past learnings, while other solutions indicate the appearance of 
new aproaches. The first two solution-categories listed above most clearly illustrate 
habitual directions, whereas the correct solution requires a new and different con- 
ceptualization: how to use both the floor and the ceiling to hold the upright stick 
in place. 

The term direction also has explanatory value because, like behavioral hypotheses, 
selective patterns of activities persist. Something must happen to cause a change in 
direction, Often failures are repeated because an alternative direction cannot emerge 
while one is dominant. For the purposes of our discussion we will use the term 
‘directional’ to refer to the line of thinking behind each classification, Thus, hints 
may stop ongoing directions without suggesting new ones or they may suggest other 
directions. [. 

A comparison of the Ceiling- and Clamp-hints has shown that the first of these 
hints will terminate two directions (those leading to Base- and Balance-solutions), 
while the second terminates only one direction (that leading to the Base-solution). 
This occurs regardless of whether these hints are given after 30 min. of problem- 
solving or at the outset (Tables I, II, and VI). This superior ability to block false 
directions should make the Ceiling-hint superior to the Clamp-hint. 


* Maier, op. cit., J. comp. Psychol., 10, 1930, 115-143. s a 
„` Isadore Krechevsky, “Hypotheses” vs. chance in the presolution period in sensory 
discrimination, Univer. cali}, Publ, Psychol., 6, 1932, 27-44. 
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Do the hints differ in suggesting the correct direction? The fact that new solu- 
tions immediately follow the Ceiling-hint more often than the Clamp-hint indicates 
the superiority of the Ceiling-hint in this regard also (Tables I and III). 

Do the hints differ in suggesting false directions? In this regard the Ceiling-hint 
seems to be the greater distractor. Solutions classified as Ceiling-Suspension and 
Support are high after the Ceiling-hint, whereas only Ceiling-Suspension types of 
solutions are high after the Clamp-hint (Tables I and Ill). 

The results shown in Table II lend further support to this differential effect. ‘The 
Clamp-hint was less dramatic in its ability to influence direction, whereas the Ceiling- 
hint eliminated activity on the floor, but reinforced ongoing, but false, activity in the 
area of the ceiling. The fact that the Ceiling-hint encourages incorrect directions (as 
well as the correct one), while the Clamp-hint does not, permits some of the Ss who 
received the latter, to discover the correct direction by themselves, while some of 
the $s receiving the Ceiling-hint became involved with false directions suggested 
by it. This explanation would seem to account, in part, for the greater delayed value 
of the Clamp-hint so that its value eventually approached that of the Ceiling-hint 
(Table V). 

To account further for the realtively different delayed effects of the two hints we 
must consider the fact that failure eventually leads to the giving up of a direction 
despite its persistence. Once an ongoing direction loses its force, other directions 
can more readily occur. When the problem-solver is without a direction, a hint 
would have the best opportunity to positively initiate a new one, This point receives 
some support from the finding that hints &iven at the outset have greater value than 
those given after a period of problem-solving activity, during which time several 
directions have been explored. 

When the hints were given to $s who failed to solve the problem after 30 min., 
they differed considerably in value. Thus, during the 8 min. following the Ceiling- 
hint 45.7% solved, whereas the Clamp-hint produced only 16.1% solutions. When, 
however, the hints were given at the outset, the corresponding values after 8 min. 
were 53.3% Vs. 43.3% respectively, thus showing them to have similar values. If 
two hints function differently when given at the outset than when given after a 
period of problem solving the timing of hints becomes an important factor. 

The experimental findings, in general, Support the notion that directions tend to 
persist despite failure, and, if possible, they incorporate the hint to fit the direction. 
Thus, when hints are given, they can have the following effects: (1) stop the 
ongoing direction; (2) serve as a stimulant for the correct direction or the solution; 
(3) become absorbed or modified by the ongoing direction; or (4) remain in the 
background AS à point of orientation whenever unsuccessful directions are abandoned. 
Then each time the individual Stops a given line of thinking and attempts to generate 
à new approach, the hint can serve again as a stimulant. 


SUMMARY 
The present experiment was designed to explore the dynamics of prob- 
lem-solving by studying the way hints influence it. The effects of two dif- 


ferent hints on $'s behavior in solving Maier's Hatrack Problem were 
studied in detail.® 


* Maier, op. cit., J. exp. Psychol., 35, 1945, 349-360. 
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A total of 234 Ss individually solved the Hatrack Problem in two sepa- 
rate investigations. In the first, the Ss were given 30 min. to work on the 
problem before receiving one of the hints. In the second, the Ss were given 
one of the hints, both hints, or neither hint after the problem was intro- 
duced, but before the Ss attempted any solutions. It was, therefore, pos- 
sible to compare the properties of the two hints (one called the Ceiling- 
hint, the other the Clamp-hint) and their presentation at two different 
stages of problem solving. 4 

The following effect of hints were evidenced: 

(1) Hints can stop the ongoing direction. In this respect the Ceiling-hint was 
superior to the Clamp-hint. 

(2) Hints can serve as a stimulant for the correct direction or the correct solution, 
In this respect the Ceiling-hint was also superior to the Clamp-hint. 

(3) Hints can become absorbed or modified by the ongoing direction. The Clamp- 


hint lent itself to this effect more readily than did the Ceiling-hint. 
(4) Hints can set up false directions. The negative effect was most pronounced 


for the Ceiling-hint. 

(5) Hints can remain in the background as a point of orientation as unsuccessful 
directions are abandoned. This assumption seems necessary to account for the de- 
layed effect of hints, which was greater for the Clamp-hint than the Ceiling-hint. 

It was also found that presentation of the hints before an $ began work 
on the problem, rather than after, resulted in a somewhat mote effective 
use of the hint, It thus appears that a hint has the best opportunity to initi- 
ate a new direction when a problem solver does not already have one in 
progress. 


A STUDY OF INFLECTION-POINTS IN THE LOCUS OF 
ADAPTATION-LEVELS AS A FUNCTION OF ANCHOR-STIMULI 


By Harry HrrsoN and Henry G. Masrers, Kansas State University 


According to the weighted log mean definition of the adaptation-level 
(AL), we might expect AL to increase monotonically with increase in 
intensity of anchors above series stimuli and to decrease monotonically 
with decrease in intensity of anchors below series stimuli in accordance 
with Equation [1]: r 
A = k (SBR) [1] 


where A is the adaptation-level, & is a constant, S is the log mean of the 
series stimuli, B is the anchor-stimulus, R refers to residual stimuli, and 
P» q, and r ate weighting factors, the sum of which is taken to be 1.0, 


Within limits this deduction is true as shown by the fact that even subliminal 
anchors have been found to taise judgments of intensity (lower AL) of electric 
shock by Black and Bevan,’ of loudness by Bevan and Pritchard,? and of visual size 
by Boardman and Goldstone? Similarly, at the upper end of the intensive scale it 


and Bevan and Darby From Equation [1], however, it is clear that if there is 
no background or anchor-stimulus, the term B° reduces to 1.0 because a zero stimulus 
is weighted zero and 0° — 1.0. In this case, AL is determined wholly by the series- 
stimuli if we assume no residual effects, Thus, AL is higher with zero (no) anchor 
than with anchor below the series-stimuli. Anchors below series-stimuli depress AL 
up to a certain point after which AL must reverse and approach series AL as the 


* Received for publication May 6, 1965. This research was su i y 
" 5 pported in part by 
the Office of Naval Research under contract Nonr-3634(01) with Kinh State 
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when no interpolated stimulus was used.) Similarly, Helson found that the AL was 
lower with 5-gm. anchor than with 0.5-gm. anchor and series-weights of 200, 250, 
300, 350, and 400 gm.' Inflection points in the locus of ALs below series-stimuli 
should, therefore, be found experimentally. 


Turning to the upper end of the stimulus continuum, we find from the 
logarithmic form of Equation [1]: 


log A = log k + p log S + q log B + r log R [21 


that the influence of anchors (B) should level off with increasing in- 
tensity, but there is no a priori reason why there would be an inflection- 
point in the locus of anchors above series stimuli. 

Without looking explicitly for a drop in AL with extreme anchors, Bevan and 
Darby found some loss in effectiveness of an anchor of 1950 gm. as compared with 
one of 1231 gm. with series stimuli ranging from 220 to 340 gm. The value of 
AL with an anchor of 1950 gm. was 329 gm. as compared with AL of 332 gm. with 
anchor of 1231 gm. which, if confirmed in further experimentation, points to an 
inflection-point at the high end of the stimulus continuum. 


The presence of inflection-points in the locus of ALs at both the lower 
and higher ends of the stimulus-continuum raises several basic questions 
which we shall seek to answer in this study. First, if effectiveness of anchors 
does not increase monotonically as anchors increase in heaviness, loudness, 
etc., is the weighted log mean definition of AL invalidated? Secondly, 
what is the significance of inflection-points at the high end of the stimulus- 
continuum? Third, can we expect inflection-points in both the low and 
high ends of stimulus-continua in all sense-modalities? And fourth, are 
there any implications from the results of these data bearing on the 
problem of relevance of anchors or the extent to which stimuli (including 
anchor-stimuli) pool to form level? We shall attempt to answer these 
questions after presenting the data of this experiment which are based on 
anchors varying over a range of 1200:1 using lifted-weights as the stimuli. 

Subjects, Twelve college students from the Kansas State University summer ses- 
sion served as Ss. Their classtrank ranged from sophomore to graduate student. One 
S was dropped after the first session for failure to follow instructions. 1 

Abparatus, Five medicine bottles measuring 112 X 112 X 31⁄4 in. served as the 
stimulus-objects. Each bottle was filled with lead shot to make a series of 100, 150, 
200, 250, and 300 gm. In addition to these stimuli, there were 12 anchor-weights, 
While the anchor-stimuli varied in size, weight, and height, all had sops of equal 
size where they were grasped for lifting. A cardboard collar, which fitted just below 


*C. C. Pratt, The time-error in psychophysical judgments, this JOURNAL, 45, 
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| Helson, op. cit., 142. 
Bevan and Darby, op. cit., 580. 
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the top of each container, prevented Ss from getting differential cues from differences 
in size of the anchors. The differences in height were controlled by placing each 
stimulus on a piece of sponge rubber of appropriate height so all weights were 
lifted from the same starting height. A black cardboard screen was in front of iS! 
at all times so that the stimuli were never visible. $ lifted the weights by putting 
his hand under the screen. A 5 X 8-in. card was mounted on the black screen at 
eye-level on which the judgment-categories were displayed throughout the testing 
session. The anchor weights were: 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400, 
800, 1600, and 2879 gm., forming a ‘geometric series except for the last, which had 
to be less than twice 1600 gm. because of the physical limitations in lifting in this 
experimental situation. 

Procedure. Each $ was tested on all anchors except the 100-gm. anchor. (The 
specific procedure for this anchor will be presented later.) Three test sessions were 
required, with four anchors presented in each session. The order of presentation for. 
the different anchor-weights was randomly determined. Within each test-session a 
5-min, recess separated the anchor series, The time between stimulus-presentations 
was held approximately constant by a fixed rhythm of presentation. The specific test- 
procedure for each S was as follows: with S standing in front of the screen E 
read these instructions: 


Instructions, This is an experiment in the judgment of lifted-weights. You will 

Siven a series of weights to judge in terms of the following scale: very very 
heavy; very heavy; heavy; medium heavy; medium; medium light; light; very light; 
very very light. If you wish to use more extreme categories such as extremely 
light, you may do so. There is no right or wrong. We want you to report how the 
weights feel to you. Later you will be given other series of stimuli to judge that 
will be heavier or lighter than the present series. Are there any questions? 


E then presented $ two practice runs with only the five stimulus-series. Then E 
presented five test-runs, without anchor to obtain the series AL, The presentation of 


each stimulus in each run was randomized. After the five test-runs, $ rested for 5 
min. and then E read these instructions: 


In the following observations the stimulus you are to report on will follow another 
stimulus, ‘Remember you are not judging the first stimulus; you are judging the 
second stimulus. Nor are you judging the second stimulus relative to the first. 


categories as you did before. 


Then E Presented $ with one practice run. The anchor always preceded the series 
stimuli and the same procedure with respect to practice test-runs and rest-periods 
was followed which was used in the determination of the series AL. The instructions 


exactly the same manner as the first test-session. None of the Ss were informed of the 
details of the experiment after testing, and they were asked not to discuss the ex- 
petiment with anyone else. 

Due to an oversight on the part of E, the 100-gm. anchor was omitted in the 
first three test-sessions. Therefore, E requested the original 11 Ss to return for one 
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Results. Data from 11 Ss judging the 5 stimulus-series 5 times, each in 
random order with each of 11 anchors, and from 6 of the 11 Ss judging 
with the 100-gm. anchor, as noted above, were averaged, and curves were 
fitted to each. The ALs were computed for each of the anchor-conditions, 
as well as the ‘no anchor'-condition, according to Helson’s formula? as 
illustrated in worked examples by Helson and Himelstein.1° The locus of 
ALs for anchors ranging from zero (no anchor) to 2879 gm. is shown in 
Fig. 1. from which it appears that there,are two inflection points: the first 
occurs with anchor of 25 gm. where AL is lowest, and the second at 1600 
gm. were AL is highest. In the former case, judgments of the stimulus- 


350, 


300 VS 


n N 
o a 
f=] o 


ADAPTATION - LEVEL 
a 
te] 


9 D 2 3 
ANCHOR WEIGHT IN LOG UNITS 


Fic. 1. ADAPTATION-LEVEL AS A FUNCTION OF 
ANCHOR-STIMULI 


series were, on the average, highest, and in the latter case, they were 
lowest, since there is an inverse relationship between value of AL and 
judgments of weight or any other dimension of stimuli. As values of AL 
tise with decreasing anchors below 25 gm., judgments of the heaviness 
of series weights decrease; similarly, there is a reversal in judgments of 
series weights at the high end of the continuum, since AL with 2879 gm. 
anchor is lower than with 1600-gm. anchor. 

Decreasing effectiveness of visual anchors with increase in size of 
anchor was reported by Bevan and Pritchard, who found that when rec- 
tangles were very much larger than series stimuli they no longer functioned 


* Helson, Adaptation level as a basis for a quantitative theory of frames of refer- 
ence, Psychol. Rev., 55, 1948, 297-313. i 

° Harry Helson and Philip Himelstein, A short method for calculating the adap- 
tation-level for absolute and comparative rating judgments, this JOURNAL, 68, 1955, 
631-637; also in Helson, op. cit., 1964, 661-662. 
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as anchors in judgments of shape, although their linear dimensions were in 
the same ratio as those of smaller rectangles that functioned as anchors.!t * 
Test of the significance of differences between ALs were made by means 
of Sandler's A-test, a modified t-test.12 As appears from Table I, all | 
anchors except 200-gm. anchor are significantly different from the no- - 


TABLE I 
SIGNIFICANCE-LEVELS or DIFFERENCES DETWEEN ALS BASED ON SANDLER'S 
A-TrsT 
(Values in parentheses are the anchors) 
ALs and Anchors (in gm.) 


AL 
(anchor) 171 181 171 165 159 176 184 203 247 209 323 309 
(1.56) (3.12) (6.25) (12.5) (25.0) (50.0) (100) (200) (400) (800) (1600) (2879) 
ions .005 05 OL 4025. 005.01 ns, ns. .005 .005 005.005 
none | 


dso D$ ns ns ns ns ns OS 005  .005  ,005  .005 
oi nS à ns ns ns ms .05 — .005  .008  .005  .005 
\ ds) ns nS ns ns —.005 .005 .005 .005  .005 
di ns ns  n&  .01  .005 .005 .005  .008 
uio ns  .05  .005 .005 005 .005 .005 
t 6.0) 025. ,005  .005  .008 005.005 
dà ns — 01 — .008 .005  .0f 

9) „005  .005  .005  .005 
de) 01 005.005 
EA LET LE 

di) a 


anchor condition. Since the 200-gm. anchor is very close to the series AL — 
of 194 gm, it would not be expected to exert significant effect on AL. 
Nor are anchors of 1.56, 3.12, 6.25, 12,5, 25.0, and 50,0 gm. at the low 
end and 1600 and 2879 gm. at the high end significantly different from 
cach other. Anchors 200, 400, and 800 gm. differ significantly from each 
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other. Anchors from 1.56 through 50.0 gm. also differ significantly from 
anchors 200 through 2879 gm. 

We thus see that stimulus-weights within the series which serve as 
anchors do not displace AL to a significant degree from the series AL or 
no anchor condition. On the other hand, the fact that ALs are higher with 
anchors on either side of AL with 25-gm. anchor is evidence for an in- 
flection-point at this value even though there is no statistically significant 
difference between this anchor and the lower anchors with the exception 
of the zero anchor (series AL). Similarly, at the high end of the con- 
tinuum, the 2879-gm. anchor is not significantly different from the next 
two highest anchors, 800 and 1600 gm., which argues for at least a 
levelling off, if not an inflection-point, of anchor effects at the high end 
of the intensive continuum, 


DISCUSSION 


We are now in a position to answer some of the questions raised at the 
beginning of this report and to venture some hypotheses regarding the 
others. 

The first question asked above is easiest to answer. Inflection-points in 
the locus of ALs do not mean that the weighted log mean definition of AL 
is inadequate. They merely show that the weighting coefficients, p, q, and 
r, for series, anchor, and residual stimuli, are not constant over the entire 
range of stimulus-intensities, This result is.not surprising in view of the 
fact that no psychophysical law has been found or is likely to be found with 
fixed parameters for the entire range of stimulus-intensities. The fact that 
the weighting factors, p, q, and r, may vary within a given dimension, 
especially at the extremes of the stimulus-continuum, does not invalidate 
the generality or power of the weighted log mean definition. On the con- 
trary, this definition provides the simplest and most general way of deter- 
mining the contributions of the various classes of stimuli entering into AL. 
Just as variation in size of the j.n.d. over the stimulus-continuum does not 
invalidate the concept f the j.n.d., so variation in the weighting coeffi- 
cients for series, background, and residual stimuli does not invalidate either 
the concept of AL or the concept of differential pooling in the formation of 
ALs. Where the locus of ALs is fairly linear, we may expect values of p, g, 
and r, to be fairly stable; where there are inflection-points we would expect 
the values of these constants to change. Determination of inflection-points 
can therefore furnish important information regarding the contributions 
of various stimuli to the formation of ALs and the nature of pooling proc- 
esses, 
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The significance of inflection-points in the locus of ALs must be sought 
in the nature of the sensory and response-systems involved in judgment and 
in the specific conditions of experimentation. In the case of lifted-weights, 
we have seen that if series AL with no anchor stimulus is higher than with 
very low anchors, there must be a loss of effectiveness in anchors below a 
certain point. The situation is different at the high end of the scale where 
there is certainly no further upward shift of AL with heavier anchors after 
1600 gm. and where the drop in AL may indicate an inflection-point, even 
though the difference between 1600 and 2879 gm. is not statistically dif- 
ferent. It appears probable that as anchors become heavier and heavier vis- 
a-vis series stimuli different muscles and a different stance are employed in 
lifting the anchor-stimuli with resultant changes in judgment. We know 
that perceived weight is influenced by the shape and volume (density) of 
the stimulus, by the way in which the stimulus is grasped and lifted, and 
by other subtle factors too numerous to mention. By the time the anchor 
weighs over 6 lbs. (2879 gm.) as compared with an average weight of 
less than 1⁄ Ib. (200 gm.) for the series stimuli it is not surprising that 
the lifting situation is considerably different for the anchor and series 
stimuli. Here the inflection-point in the locus of ALs tells us to look for 
changes in stimulus and response-conditions. This argument applies also 
to the low end of the stimulus continuum. 

The third question can be definitely answered in the negative: inflection- 
points are not expected, for example, at the low end of the reflectance or 
luminance continuum in vision. Absence of light in background does not 
function as a zero stimulus because black is a positive quality psychologi- 
cally and, as background is made darker and darker, stimuli increase in 
lightness. Thus, if black velvet having about 1/10 the reflectance of black 
cardboard is used as a background, a white stimulus of 80% reflectance 
appears to glow, so great is the contrast effect under high illuminances. We 
would therefore not expect any decrease in effectiveness of background or 
anchor stimuli at the low end of the brightness-continuum. Due to glare 
and blinding effects of very high luminances, there may well be inflection- 
points in ALs for visual acuity and other visual dimensions at the high end 
of the brightness continuum, It is therefore necessary, as stated above to 
investigate locus of ALs in each sense-modality to determine effects of 
anchor and other stimuli. 

, The last question can be easily answered in the affirmative, for changes 
in the weighting constants, p, q, and r, give information regarding changes 
in the effectiveness of stimuli in pooling to form-levels. We may define 
relevance in terms of the degree to which stimuli affect ALs. If stimuli do 
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not affect AL, they do not change responses. We thus have a quantitative 
measure of relevance in the values of the weighting coefficients for series, 
anchor, and residual stimuli. Wherever there are inflection-points in the 
locus of ALs, either as a function of anchors, series stimuli, or residual 
factors, there we can say changes occur in the relevance of the various 
classes of stimuli pooling to form ALs. 

In this discussion we have considered inflection-points in the locus of 
ALs only as a function of variation in magnitude of anchor-stimuli because 
the series-stimuli were kept constant. It is obvious that inflection-points 
depend also upon series as well as anchor-stimuli and indeed are a function 
of both. Series and anchor-stimuli interact, and with a heavier set of series- 
stimuli we would expect the inflection-point at the low end of the con- 
tinuum to appear earlier, i.e. with heavier anchor, than in this study due to 
the apparent lightening of anchors with a heavier set of series stimuli. It 
is more difficult to predict what would happen at the high end of the 
stimulus-continuum with a heavier set of series stimuli, owing to the fact 
that several factors having different effects interact. Thus stimuli are less 
effective with increasing magnitude in accordance with the Weber-Fechner 
law, yet anchors above a heavier series would feel less heavy than with a 
lighter series and would therefore function as lighter anchors. Still other 
factors may be operative at the high end of the continuum to further compli- 
cate the situation so far as predicting what will happen. This and other ques- 
tions raised by the present study can only be answered by additional experi- 
ments. Good theories answer some questions and raise others, The problem 
of inflection-points in the locus of ALs is important because stimulus- 
continua are divided into at least three regions: the region of neutrality 
in the vicinity of AL and also into bipolar opposites, such as heavy and 
light, bright and dim, warm and cold, above and below AL. Exact deter- 
mination of these regions has practical as well as theoretical importance, 
the possibilities of which should be fully explored in studies of inflection 
points in anchor and series effects. 


SUMMARY 


Inflection-points in the locus of ALs were studied as a function of 
anchors varying from 1.56 to 2879 gm. or 1200:1 with series-stimuli of 
100, 150, 200, 250, and 300 gm. Due to the fact that series AL is higher 
with zero anchor than with anchors below the series, including subliminal 
anchors, it was predicted from the weighted log mean definition that an 
inflection-point would be found with anchors below the series stimuli, and 
this deduction was verified experimentally. With anchors above the series 
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stimuli, we expect a levelling off in their effectiveness from the definition 
of AL, but a slight drop in AL with the heaviest anchor suggests that there 
may also be an inflection-point at the high end of the stimulus-continuum 
as well as at the low end. Since larger muscle groups and a new mode of 
lifting are required with extremely heavy weights, it is not surprising that 
extremely heavy stimuli are less effective as anchors. The presence of 
inflection-points in the locus of ALs does not invalidate the weighted log 
mean definition; they merely point to the fact that the weighting coefficients 
for series, background (anchor), and residual stimuli are not constant over 
the whole stimulus-range. In view of the lability and complexity of re- 
ceptor, central, and motor systems, it can hardly be expected that any 
psychophysical parameters will remain fixed over the entire range of 
stimulus-magnitudes. 

Inflection-points at the low end of the stimulus-continuum are expected 
only in the case of sense-modalities having a true zero, Such is not the case, 
e.g. in vision, where absence of stimulation in a part of the field gives rise 
to positive qualities like black or complementary colors. Changes in the 
weighting coefficients of series and background stimuli make possible 
quantitative determination of degrees of relevance of stimuli in the pooling 
process under various conditions. A number of questions raised by the 
Present study were answered and still others remain to be investigated 
within the framework of AL theory. 


CROSS-MODAL JUDGMENTS OF LENGTH 
By Roser S. DAVIDON and JAMES H. MATHER, Bryn Mawr College 


To account for the gross correspondence of spatial judgments in vision 
and active touch, it has been proposed that the inputs of the spatial senses 
are ordered in relation to a common schema. If it would have all points in 
the perceptual field bear the same relation to each other regardless of mo- 
dality, the theory of a common schema can be refuted. Relative distance is 
distinctly different in vision and in active touch without vision; apparent 
extent varies with position in the field for tactile-kinesthetic stimuli as it 
does for visual stimuli, but the two functions are not the same.? If, how- 
ever, the common schema refers to a set of subjective scales of judgment, 
each with values approximately the same when corresponding observations 
are made in two or more modalities, further investigation is required to 
define the conditions and degree of correspondence. With a common re- 
sponse-scale, a point of subjective equality (PSE) can be determined with 
the standard and the comparison-stimuli in different modalities. If the cross- 
modal PSE varies consistently with the physical magnitude of the standard, 
an interpretation in terms of a coórdinate scale of reference is appropriate. 

As evidence for a common schema, Kelvin first reported that the PSE 
was the same when standard and comparison-lengths both were in one 
modality as it was when they were in different modalities. In a later study, 
with the range of the comparison-series varied and the values of the stand- 
ard away from the center of the series, Kelvin and Mulik found the PSE 
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for cross-modal judgments closer to the middle of the comparison-series 
(farther from the standard) than the PSE for ipse-modal judgments.' They 
were led by the results to reject the hypothesis of a common schema. They 
concluded that the PSE in cross-modal matching is an experimental artifact 
—merely the neutral value of the comparison-series—and that the cross- 
modal standard has no significant effect on adaptation-level (AL). The ex- 
periments reported here were designed to evaluate these conclusions. 


» 


EXPERIMENT I 


From the hypothesis of a common subjective scale, it follows that a dis- 
criminable change in the length of the standard should produce a change 
in PSE of the same order of magnitude for cross- as for ipse-modal judg- 
ments, The changes in standard (anchor) should shift the AL in the same 
direction but much less than the shift in PSE, for the AL would continue 
to be influenced by the constant stimuli of the series, background, and 
residual factors. Furthermore, if the second standard in the same modality 
affects the categories applied to the series, the corresponding standard in 
the other modality should have a similar effect. That intermodal anchor- 
effects can occur has been demonstrated with judgments of the duration 
of visual and auditory stimuli." Were it true, as Kelvin and Mulik asserted, 
that the PSE in cross-modal matching is the neutral point of the compari- 
son-series, then in the present experiment, in which changes in the length 
of the standard were introduced with the same variable-series, there should 
be no consistent difference between PSE and neutral point (AL), either 
after the change in the cross-modal standard or before. 


Method. To test the correspondence of AL and PSE, a method is required which 
permits the measures to vary independently. Helson's method of comparative category- 
judgments equates comparative adaptation-level (CAL) and PSE by definition.’ Each 
is an index of the neutral point of the same distribution of judgments of ‘greater’ 
and ‘less.’ Furth computed CAL and PSE for each O to provide a numerical illustra- 
tion of their close correspondence,” To test for the effect of a subsequent standard 
upon the subjective scale applied to the same series-stimuli, however, a floating 
neutral point is necessary, one which is not ‘pegged"*by instructions to each standard. 
For this reason, an unusual method of judgment was introduced in the present experi- 
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ment, Category-judgments of the absolute magnitude of each member of the series 
permitted the computation of a series-AL, while separate judgments were made of 
the standard. In principle, the series-AL can be independent of the PSE, although 
in fact may covary with it. 

Observers. The Os were 32 undergraduate women." 

Apparatus. The series consisted of eight steel bars varying from 52-66 mm. in 
length in steps of 2 mm. The two standards were 58 and 62 mm. long. All bars 
were of the same 9.5 X 9.5-mm. stock with a flat black finish. For each judgment, the 
standard and comparison-bars were positioned, vertically, one above the other and 
5.5 cm. apart, on a uniformly illuminated white background. Two vertical shutters, 
each 10.2 X 23 cm., one for the upper and one for the lower half of the field, were 
set 12.7 cm. in front of O and 28 cm. from the background. A programmer pro- 
duced a ready-signal that flashed 2 sec. before each trial and timed both the 3-sec. 
observation-period for each bar and the 12-sec. intertrial-interval. A telegraph-relay 
produced pairs of clicks to mark intervals for tactual judgments. 

Experimental design. 'The independent variables were the modality of the standard 
(visual or tactual), the modality of the series (visual or tactual), the order of the 
standard and variable, and the length of the standard. All the Os had the same 
standard near the center of the series for the first block of trials and a longer standard 
for the second. A 2 X 2 X 2 factorial design was used for the first three variables, 
with four Os randomly assigned to each of the eight conditions. 

The stimuli were presented successively in pairs: a standard bar which was a 
member of every pair in a block of trials, and a bar of the series which varied 
randomly in length from trial to trial. O's task was to judge the length of each 
bar of the pair on the same scale of 1-9—the longer the bar, the larger the number 
to be assigned. Two bars of different length never were to be given the same number. 
O was not told that one bar was the same from trial to trial, nor was he told how 
many different lengths would be presented. 

The specific procedure for one experimental condition—that with a tactual stan- 
dard presented before each member of the visual series—provides a detailed illus- 
tration. With head in headrest, O rested his right elbow on the table below the 
shutter-panel. O's fingers, not visible behind the panel, touched the background 
in a position to grasp the ends of the standard bar. O was told that after the flash 
of a warning light a click would sound, at which time O was to touch the bottom 
of the lower bar with the thumb and the top with the index finger repeatedly until 
the next click. Immediately after the second click, the upper shutter would open, 
presenting the second bar of the pair for visual inspection. Judged values for the 
two bars were not to be reported until the shutter had closed. Each O had 16 
practice-trials in which tentative judgments were to be made but did not have to 
be reported. In the first eight of these trials, a 62-mm. standard was presented before 
each member of the series; then, without further instruction or delay, a 58-mm. 
Standard was presented with each bar of the series, with series-bars in a different 
random order. In the first block of 40 recorded trials, the 58-mm. standard was 
used in each pair, while the series was presented in 5 different random orders. 
After a 2-min. rest, the second block of 40 trials was presented, consisting of a 


“Five Os whose responses were not discriminative were replaced: four gave the 
same response to extreme members of the series, and one responded with the same 
number to every presentation of the standard. 
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62-mm. standard with each member of the series in 5 different orders. O was not ` 
told that there would be a change in stimulus-conditions in the second block. 
The timing and the sequence of stimuli were the same for all eight conditions, 
For the Os in the group for which all judgments were tactual, the shutter-panel 
was removed and a blindfold was used. b. 
Measures, The PSE for each block of trials was computed by finding the mean — 
of the numerical judgments for a given standard and determining from a regression- _ 
line of best fit the length within the series which had been given the same judged — 
value, Before the computation of ALs, linear transformations were employed to 
equate O's judgmental scales for mid-category and for category-range, based onthe — 
first block of trials. The short method for absolute judgments was used to compute 
AL-series for the same eight bars of the series for each block of trials under all 3 
conditions." 


Results. For the same series, an increase in the length of the standard — 
from 58 to 62 mm. was associated with a mean increase in PSE of 4.9mm. — 


TABLE I 
PSE (us MW.) vor Irse- AND Cnoss-MopAL PAIRED JUDGMENTS 
Modality of series 
Modality of Length of Visual Tactual 
standard standard 
Mean c Mean c 

Visual 58 57.6 1.03 56.4 5.03 

62 61.2 2.01 61.6 8.58 
"Tactual 58 58.9 5.81 58.2 2.57 

62 62.6 8.04 65.3 4.71 


In the analysis of variance, this difference in mean PSE as a function of — 
length of standard was significant (F = 41.3, df = 1/24, p < 0.001), .— 
As indicated in Table I, the mean change in PSE was approximately the - 
same for intermodal judgments as it was when the standard and series were. 
in the same modality, The cross-modal PSE was not merely the neutral — 
value of the series, but varied predictably with changes in the length of 
the standard. The mean differences in PSE attributable to modality of the — 
standard, to modality of the series, and to order òf the standard and series, 
were not significant at the 59% level, nor was any of the interactions. These — 
results support the hypothesis of a common schema. Absolute judgments of 
length with active touch were quantitatively comparable to those with vision. — 
The variability among the Os in the intermodal groups was significantly — 
greater than in the intramodal groups. The finding of significant hetero- 
SS eae 


* Harry Helson and Philip Himelstein, A short method for calculating the adapta- 


nein for absolute and comparative rating judgments, this JoURNAL, 68, 1955, 
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geneity of variance among experimental groups (Fmax = 286, df = 8/3, 
p < 0.01) restricts the interpretation of between-group differences. The 
finding of a difference in variability of PSEs, does, however, provide an 
alternative explanation of Kelvin and Mulik's results. If intermodal judg- 
ments are less reliable, and if Os cannot readily discriminate the difference 
between the length of the standard and that of the extreme member of the 
series — a difference of only 2 mm. in their study — then response-distri- 
butions should be more skewed for the cross- than for the ipse-modal con- 
ditions. The mean of the cross-modal PSEs would be nearer to the center 
of the series, as Kelvin and Mulik reported, but each O would not be 
equating the standard to the midpoint or neutral point of the series. 

With respect to PSEs, it should be noted, finally, that the variability of 
judgments of the standard was such as to indicate little awareness on the 


TABLE II 
Sertes-A Ls WITH PAIRED JUDGMENTS 
Modality of series 


Modality of Length of 


standard standard Visual Tactual 
Mean o Mean o 
Visual 58 58.2 0.65 58.1 1.40 
62 58.7 1.13 58.3 3.27 
Tactual 58 58.4 1.61 58.4 0.92 
62 58.0 1.43 60.4 3.04 


part of the Os that one bar of each pair was constant from trial to trial, The 
median number of different numerical categories used to designate the 
standard was 4, both in the first and in the second block of trials. 

The mean AL with each standard for each group of Os is given in 
Table II, Unlike the PSE, the AL-series did not shift significantly with an 
increase in the length of the standard. For the second block of trials (with 
the 62 mm. standard), the mean AL and PSE differed significantly (p < 
0.01). In the analysis ofe variance with AL as the measure, none of the 
treatment-effects or interactions was significant, The relative magnitude of 
cross-modal anchor-effects, if any, could not be assessed, for the change 
under these conditions was not adequate to affect AL significantly, even 
when standard and series were observed in the same modality. 


Discussion. The marked increase in PSE without a significant shift in 
AL not only refutes the supposition that the cross-modal PSE corresponds 
to the neutral value or AL, but also indicates the importance of distinguish- 
ing these measures in comparative judgment — a distinction which has 


414 DAVIDON AND MATHER 


been ignored or denied. The lack of a detectible change in AL, particularly 
for the groups with the visual series, may be attributed to the relatively 
small change in standard, to the heavy weighting of the background-factor, 
and to the residual effect of the initial block of judgments. For the visual 
judgments of length, the rectangular aperture provided a constant frame 
or background. Künnapas has demonstrated that the visual frame influences 
judgments of length.” 


EXPERIMENT II 


The PSE normally is obtained by direct comparative judgments. A gen- 
eral conclusion about the similarity of cross- and ipse-modal PSEs requires 
evidence that the findings of Experiment I are not specific to the novel 
method of paired absolute judgments, nor to the particular index of PSE. 
Furthermore, since the PSE may change with practice, evidence is required 
of the effect of a decrease in the length of the standard. 


Observers. The Os were 24 college students who had not participated in the 
previous experiment. They were divided into an experimental group of 16 Os 
and a control group of 8 Os. 

Apparatus, Two new standard bars, one 60 mm. long and the other 56 mm. 
long, were used. In all other respects, the apparatus was the same as in Experiment I, 

Metbod. For the method of constant stimuli with dichotomous comparison, the 

16 Os were divided into four equal groups with the modality of the standard and. 
of the series varied in a 2 X 2 factorial design. For the method of paired judgments, 
as used in Experiment I, the 8 Os were divided into two subgroups with only 
modality of the standard varied; the series was visual. All Os had the same standard 
near the center of the series for the first block of trials and a shorter standard for 
the second. 
x The stimuli were presented successively in pairs, as before, The task of the Os 
in the comparative-judgment group was to judge the length of the first bar of a 
pair (one of the series) on a scale of 1-9; then to judge whether the second bar 
(the standard) was longer or shorter than the first, The two judgments were an- 
nounced only after both bars had been presented. The procedure for paired ab- 
solute judgment was the same as in Experiment I, as were also the timing, the 
number of trials, and other details of presentation. — , 

Measures. For the comparative-judgment group, the PSE for each block of trials 
was computed by the normal-interpolation process." PSEs for the other Os and all 
ALs-series were computed as in Experiment I. 


Results. For the purpose of comparing methods of judgment, the initial 
analysis of PSEs was based on the data of two control and two experi- 
mental groups — those with a visual series and the modality of the stand- 
-A 
s Kanapa Influence of frame size on apparent length of a line, J. exp. Psychol 

* J. P. Guilford, Psychometric Methods, 2nd ed., 1954, 123-124. 
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ard varied. Means and variabilities for the four groups are given in the 
column for visual series of Table III. With both methods — dichotomous 
comparison and paired absolute judgment — there were changes in PSE 
corresponding to changes in the standard (F = 101.6, df = 1/12, p < 
0.001), and the difference between methods was not significant (a = 
0.05). Nor was there a significant difference in PSE between the cross- 
and ipse-modal conditions, results which add to the generality of a conclu- 
sion of Experiment I. In contradiction of’ the previous results, however, 
there were significant interactions here. An interaction between change in 
length and modality of the standard (F = 21.8, df = 1/12, p < 0.001) 


TABLE III 
PSIs (1N MM.) As A FUNCTION OF METHOD OF JUDGEMENT AND MODALITY 
Modality of series 


Modality Length Visual "Tactual 
of of 
Method standard standard Mean L Mean c 
Dichotomous Visual 60 60.2 0.96 58.5 3.22 
comparison 56 57.9 0.55 56.2 3.92 
Tactual 60 57.8 3.45 60.4 0.92 
56 58.3 3.55 57.6 0.82 
Paired absolute Visual 60 59.2 0.62 — - 
judgments 6 55.9 1.05 

Tactual 60 63.0 3.95 — -— 
56 60.4 3.22 -— — 


can be attributed to the difficulty experienced by the Os in relating a tactual 
standard to a visual series. The Os in this group had a greater mean PSE 
for the 56-mm. standard than for the 60-mm. standard, which was the 
only instance in the two experiments of mean PSEs that did not correspond 
to the stimuli in relative length. This finding of asymmetry — that a 
visual standard can be more reliably and accurately related to a tactual 
series than can a tactual standard to a visual series — is evidence against 
a single scale or schema for the judgment of length. 

The mean ALs for the same four groups are given in Table IV. With 
but one exception, the results of the analysis of variance of the ALs were 
similar to those of Experiment I. Again there was no significant change in 
AL associated with change in the length of the standard, and AL was not 
directly related to the modality of the standard or of the series, or their 
interaction. There was, however, a significant interaction between change 
in length and the modality of the standard (F = 6.56, df = 1/12, p < 
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0.025), with an appreciable shift downward in AL for the visual (ipse 
modal) standard and a slight increase with the tactual (cross-modal) o 

A separate statistical analysis of PSEs for all four experimental sub 
groups (dichotomous-comparison method) provided a test of intermoda 
effects comparable to those of Experiment I, without confounding the mo 
dality of the standard and the ipse- vs. cross-modality conditions, as in th 
previous analysis with some of the same Os. With Os instructed to m: 
direct comparisons, there was 4 significant change in PSE with a chan, 
in standard (F — 89.58, df = 1/12, p < 0.001); again there were no 
significant effects attributable to the modality of the standard, to the mos 
dality of the series, or to the interaction between modality of the standare 
and of the series (ipse- vr. cross-modal) . There was a significant interaction ^ 
between length of the standard and modality of the standard (F = 12.27, S 


TABLE IV 
SERIES-A Ls ror Two METHODS or JUDGMENT 
Modality of standard 


n Visual Tactual 

ol 

Method standard Mean c Mean D 

Dichotomous comparison 60 58.1 0.33 57.5 1.6 
56 57.6 0.88 57.5 1.2 

Paired absolute judgment 60 58.8 0.84 58.1 1.04 
56 57.0 0.88 58.5 2.09 


df = 1/12, P < 0.01). A greater change in PSE was associated with a 
change in length for the visual than for the tactual standard. This interac. 


The interaction between change in length of the standard and the modality - 
of the series was significant (F — 20.65, df — 1/12, p « 0.001), with 
greater changes for the tactual series, 4 

To check more thoroughly for shifts in the subjective category-scale © 
than was possible with a single index (AL) under each experimental co 
dition, the graphs of Fig. 1 were prepared to show the mean judgment for 
each series-stimulus for each block of trials. With tactual standard and 
factual series, the judged magnitude increased for each member of 
series after the shorter standard was introduced. The effects were similar, 
but not as consistent, with visual standard and series. For cross-modal - 
judgments, no effect upon the subjective scale of judgment was indicated. 
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of length, it will be less than the effect of an anchor in the same modality. 
As indicated in Fig. 1, the influence of a visual standard upon categories 
applied to a tactual series was less than that of the tactual standard of the 
same length presented with this series. 


Discussion. 'The findings with respect to the PSE generally confirm those 
of Experiment I. For either method of judgment, the cross-modal PSE 
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Fic. 1. MEAN JUDGMENT OF LENGTH FOR EACH SERIES-BAR WITH Two STANDARDS 


With modality of standard and series varied, Os in four subgroups judged each 
Series-bar, first with a 60-mm. and then with a 56-mm. standard. Category-values 
Were transformed as in Experiment I. 


varies consistently with the standard, and the cross-modal PSEs have approx- 
imately the same values as the ipse-modal ones. The evidence of a differ- 
ence in anchor-effects and of asymmetry associated with the modality of 
the standard does, however, preclude an interpretation in terms of a single 
scale of reference with equal values in each modality. A more complex 
model of intermodal judgment appears necessary to account for the fact, 
now demonstrated and verified, that category-judgments of length with 
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active touch are closely associated with visual judgments of similar objects. 
The model should provide for differences between modalities in the ‘weight’ 
of particular stimuli in determining the respective ALs, and for differences 
in the variability and lability of the category-judgments. 


SUMMARY 


Judgments of relative apparent length were obtained with different stand- 
ards in relation to the same series of bars, tactually or visually perceived. 
The modality of the standard and series, their order, and the method of 
judgment were varied. As measures of typical ipse- and cross-modal judg- 
ment, PSEs and series ALs were determined independently. 

It was found that visual judgments of length and those with active touch 
were comparable, that the cross-modal PSE varied with length of the stand- 
ard approximately as did the ipse-modal PSE. The cross-modal PSE did not 
typically correspond to the neutral point of the series (as asserted by previ- 
ous investigators), and the significant shifts in PSE occurred with little or 
no change in series AL. Variability differed, but the similarity of the mean 
inter- and intra-modal PSE was demonstrated with both absolute and com- 
parative judgments. The interrelation of judgments could not be fully ac- 
counted for by a common schema, that is, by a single coórdinate scale of 
reference for judgment of length. 


SOME PROPERTIES OF THE REACTION-TIME READY-SIGNAL 


By Isaac BEHAR and CALVIN K. ApAMs, U.S. Army Medical 
Research Laboratory, Fort Knox, Kentucky 


In 1911, Ladd and Woodworth wrote that “the preparation for reaction 
is clearly an essential part of the process; without some preparation the 
reaction would not occur at all, and the more perfect the preparation, the 

. more prompt the reaction.” Among the factors influencing preparation in 
the reaction-time (RT) experiment is the ready-signal; yet, the properties 
of the ready-signal and their effects on RT have been largely ignored. 
Since at least the time of Wundt (1887), it has been known that if the 
ready-signal was omitted, the time of reaction was increased.* Furthermore, 
Geblewiczowa has demonstrated that the use of two ready-signals, closely 
spaced, produced shorter RTs than did a single ready-signal, or two that 
were more widely separated.* 


In the present experiments, intensity and mode of the ready-signals were manipu- 
lated. The choice of these variables, derived from a model of the RT experiment 
based upon analogies with classical aversive conditioning paradigms. We believe 
that components of the RT experiment share many of the properties of those in 
Conditioning. Thus, the ready-signal is homologous to the conditioned stimulus 
(CS), the fore-period to the conditioned-unconditioned stimulus (CS-UCS) interval, 
and the response-signal to the unconditioned stimulus (UCS). Starting with the 
latter, a number of studies have demonstrated that the RT is shorter with more 
intense response-signals than it is with weaker signals. Similarly, conditioning 
occurs faster and is generally more effective with stronger than with weaker un- 
conditioned stimuli? Variation of the fore-period in RT studies frequently yields 
U-shaped functions with the optimal fore-period occurring in the vicinity of 0.5 
to 2 sec," which corresponds to the range of optimal CS-UCS intervals in classical 


* Received for publication July 7, 1965. 

Y `G. T. Ladd and R. S. Woodworth, Elements of Physiological Psychology, 1911, 

82. 

* Wilhelm Wundt, Physiologische Psychologie, 3d edition, II, 1887, 287. 

. ‘Maria Geblewiczowa, Influence of the number of warning signals and of the 
intervals between them on simple reaction-time. Acta Psychol., 21, 1963, 40-48. 

* W. J. McGill, Stochastic latency mechanisms, in R; D. Luce, R. R. Bush, and 
Eugene Galanter (eds.), Handbook of Mathematical Psychology, 1963, 327-332; 
David Raab and Elizabeth Fehrer, Supplementary report: The effect of stimulus- 
duration and luminance on visual reaction time, J. exp. Psychol., 64, 1962, 326-327. 

°K, W. Spence, D. F. Haggard, and L. E. Ross, Intrasubject conditioning as a 
function of the intensity of the unconditioned stimulus, Science, 128, 1958, 474-475. 

* Lawrence Karlin, Reaction-time as a function of foreperiod duration and vari- 
ability, J. exp. Psychol. 58, 1959, 185-191; Risto Näätänen, On the interrelations 
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aversive conditioning.” If the response-signal in the RT task is response-terminated, 
RT is shorter than when the response-signal persists even briefly after the response,* 
In conditioning studies, evidence is ample that the UCS is more effective if it is 
response-terminated? With respect to the RT ready-signal, very little can be said, 
except that its presence is clearly important for rapid RTs. 

In the framework of the present discussion, the reason that the ready-signal plays 
a critical role is that this signal becomes a true conditioning stimulus for eliciting 
the various preparatory responses, the presence of which determine the ‘goodness’ of 
speed of response. These responses mày include: postural adjustments, orienting or 
attending responses to the expected response-signal, alpha blocking, and a motor set 
to respond of the responding digit. % 

If, indeed, these preparatory responses become conditioned to the ready-signal, then 
the effective properties of the signal to elicit these conditioned responses may play 
an influential role in the RT. In the literature on human conditioning there is, how- — 
ever, only equivocal evidence that the CS are themselves important, since according 
to Kimbe, mediational processes may be the "true" CS.” Grice and Hunter, however, 
have demonstrated a reliable effect of intensity of the CS in the conditioning of the 
eyelid when the separate intensities were presented in a within-Ss design instead of 
the more traditional between-Ss design." 


EXPERIMENT I: READY-SIGNAL INTENSITY 


In the first study, three levels of white noise (60-db. range) were used. 
as ready-signals. As the type of experimental design influences the effect 
of intensity of the CS in classical conditioning, both within- and between-Ss. 
designs were employed in the present study to determine if parallel effects 
occur in the RT. In addition, the fore-period was varied in order to deter- 


mine whether the effect of the intensity of the ready-signal, if obtained, 
varied with different fore-periods, 


Subjects, Forty-two enlisted technicians, between the ages of 17 and 24 yr., served 
as n None had previous training in psychology or prior experience in RT expeti- — 
ments, 

Apparatus, The auditory ready-signal consisted of the output of a General Radio: 
Noise Generator, fed through three Daven variable attenuators set at 30 db., into 
Willson earphones, The duration of the ready- and the response-signals as well as the 
foreperiod was determined by recycling Hunter timers. The intensity of the ready- 


between foreperiod and the reaction time in simple ti iment: n 
from the Psychological Institute, University of Helsinki 1963, No. 1, 122. E s 
M EE. E. R. Hilgard, and D. G. Marquis, Conditioning and Learning, 
"Rube Chernikoff and W. J. Brogden, The effect of response termination of the 
stimulus upon reaction time, J. comp. physiol, Psychol., 42, 1949, 357-364, 
R. C. Bolles and J. A. Warren, Jr, Effects of delayed UCS termination on 


ET avoidance learning of the bar-press response, Psychol. Rep., 17, 1965, 687- 


" Kimble, Hilgard, and Marquis, op. cit, 120. © : 


" G. R, Grice and J. J. Hunter, Stimulus intensity effects d f 
experimental design, Psychol., Rev., 71, 1964, 247-226. Sees upon tie Daa d 
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signal was selected by an 8-bank, 25-position stepping switch which shorted out the 
appropriate number of attenuators for the intensity programmed for each trial. The 
white noise was below audible threshold during the intertrial interval (-2 db.) and 
was either approximately 28 db. (Intensity 1), 58 db. (Intensity 2), or 88 db. 
(Intensity 3) sound-pressure level (SPL) for subjectively soft, moderate, and very 
loud ready-signals. The visual response-signal was an increase in luminance to 30-ft. 
candles from an ambient level of 10-ft. candles, produced by adding resistance in the 
circuit of a fluorescent lamp. The output of the lamp was so diffused and masked by a 
circular aperture that it subtended a visual angle of 1°. A black cross centered in 
the circle served as a fixation-reference. S rested his hand on a spherical platform 
upon which were fixed three metal studs. When $ placed his index finger on the 
center stud, he completed the controlling circuit of a Hunter photo-contact relay. A 
ground electrode was attached to the forearm of the non-responding hand. The 


. response-time was measured to 1 msec. by a Hunter Klockounter which was con- 


trolled by the Hunter contact relay, starting from the onset of the response-signal. 

Procedure. The Ss were seated in a sound-treated room adjacent to that occupied 
by E and the programming equipment. They were instructed to rest the index finger 
of the preferred hand on the appropriate outside, brass stud. When they heard a 
signal from the earphones, they were to move the index finger onto the center stud 
and "get ready.” As soon as the intensity of the visual response signal increased, they 
wete to lift the finger straight up, off the center stud as fast as they could and rest it 
on the appropriate side stud. They were cautioned not to make anticipatory responses. 

Both a within-Ss and a between-Ss design were used. The 12 Ss in the former 
condition received 48 trials on each of four consecutive days. On the first day they 
received a random ordering of 16 trials at each noise-level, divided approximately 
equally over three fore-periods (1, 3, and 8 sec.). This day constituted practice. On 
subsequent days, they received a constrained (runs limited to three) random 
ordering of the three intensities; all trials with one of the three fore-periods. Fore- 
periods were counterbalanced among the Ss during the three test-days. Fore-period 
variability on each day was obtained by using the scheduled fore-period plus 10 and 
20% randomized over trials. The ready-signal persisted throughout the fore-period 
and overlapped with the response-signal, the duration of which was fixed at 0.3 sec. 
The intertrial interval was 20 sec. (i.e. from the onset of the ready-signal to the 
Onset of the next ready-signal). 

The 30 Ss in the between-Ss conditions were assigned at random to one of the 
same three levels of intensity. All were tested only with the 3.0 to 3.6 fore-period 
tange. They were given one session of 54 trials of which the first six were practice. 

The data used for analysis for the within-Ss scores were the arithmetic means of 
the 14 RTs in each condition remaining after the shortest and longest RT were 
eliminated, For the between-Ss data, the arithmetic mean was calculated for the 42 
RTs remaining after the three shortest and longest RTs were eliminated, 


Results. The mean RTs for each intensity and fore-period for the 
within-Ss conditions are portrayed graphically in Fig. 1. It can be seen 
that RTs decrease with increased intensity of the ready-signal, and that this 
dectease is proportional at each fore-period. The decrease in RT with inten- 
sity is significant at the 0.001 level (F 2/22 = 9.80), but the intensity-by- 
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fore-period interaction is not significant (F 4/44 < 1). RTs increase 
markedly between fore-periods of 1- and 3-sec., and gradually between 
3 and 8 sec. The effect of fore-period is also highly reliable (F 2/22 — 
45.2, p « 0,001). 

The mean RTs for the soft, moderate, and loud ready-signals for the 
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Fic. 1. MEAN RT as A FUNCTION or READY 
SIGNAL INTENSITY 


The parameter is fore-period. 


Ss in the between-Ss conditions were 230, 226, and 225 m.sec., respectively. 
This difference is not reliable (F 2/27 < 1). 
Discussion. The fore-period was varied in the present study over only a relatively 


small range, and only to determine whether this variable interacts with the intensity 
of the ready-signal, No attempt was made to compare the effects of the variations 
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agreement with those previously obtained. Since this function, however, appears to 
depend upon a number of factors, no particular significance should be attached to 
any given fore-period function." For our purpose, we may conclude that over the 
range of fore-periods explored, the effect of the intensities of the within-$s ready- 
signals are essentially linear. 

The magnitude of the within-Ss intensity was about the same as that obtained by 
Grice and Hunter, when they manipulated the intensity of the response-signals." 
They had also a significant effect between Ss in contrast to the present findings. The 
reason for the difference in results is, as we believe, that manipulating the intensity 
of the response-signal in RT is analogous to manipulating the intensity of the UCS. 
The effects of the intensity of the UCS and response-signal are well documented and 
usually are obtained when either of the designs are used. The intensive effects of 
the CS and ready-signal, on the other hand, appear to depend upon the type of 


. experimental design, as shown by Beck, and by Grice and Hunter, for the intensive 


effects of the CS and in the present study for the intensity of the ready-signal.* 

The monotonic decrease of RT with increasing intensity of the ready-signal, 
obtained with the within-Ss design, suggests a dynamistic interpretation of the 
results in terms of stimulus-intensity.® The lack of an effect of intensity with the 
design between-Ss indicates, however, that either some form of contrast was oper- 
ating, or that differential habituation occurred in the two situations.” Whatever the 
mechanism, it appears to be independent of the fore-period. 

The finding that RTs are, over-all, considerably longer with the within-Ss design 
than with the between-Ss design suggests an interpretation of informational un- 
certainty. It is well known that stimulus-uncerainty and response-uncertainty pro- 
foundly influence RT." The present data indicate that uncertainty regarding the 
ready-signal may play a similar role. 


EXPERIMENT Il: MODE OF THE READY-SIGNAL 


In Experiment II, the mode of presenting the ready-signal provided a 
further test of our conditioning model for RT. The ready-signal either was 
very brief, followed by a silent period and then the response-signal (trace), 
or the ready-signal persisted from its onset throughout the entire fore- 
period and overlapped with the response-signal, both signals terminating 


2E, T, Klemmer, Time uncertainty in simple reaction time. J. exp. Psychol., 51, 
1956, 179-184. E 

4 Grice and Hunter, op. cit., 247-256. : $ i i 

' Sally B. Beck, Eyelid conditioning as a function of CS intensity, UCS intensity, 
and Manifest Anxiety scale score. J. exp. Psychol., 66, 1963, 429-438; Grice and 
Hunter, op. cit, 247-256. Sn 

"C. L. Hull, Stimulus intensity dynamism (V) and stimulus generalization, 
Psychol. Rev., 56, 1949, 67-76. 

S. S. Fox, Evoked potential habituation rate and sensory pattern preference as 

determined by stimulus information, J. comp. physiol. Psychol., 58, 1964, 225-232. 

* P. D. Bricker, The identification of redundant stimulus patterns, J. exp. Psychol., 
49, 1955, 73-81; Isaac Behar, On the relation between response uncertainty and 
reaction time in category judgments, Percept. mot. Skills, 16, 1963, 595-596; I. M. 
Schlesinger, Response uncertainty as a determinant of reaction time. Acta Psychol, 
22, 1964, 52-59. 
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simultaneously (delayed). As the results of conditioning studies indicate 
that the superiority of delayed presentation of the CS over that of trace 
increases with increasing CS-UCS interval, several fore-periods were used, 


Subjects, Twelve enlisted technicians served as Ss. Several of them had previously “a 
participated in Experiment I. 1 
Apparatus. The ready-signal consisted of the output of a General Radio Noise 
Generator fed into Willson earphones. Its intensity was approximately 73 db. SPL. 
The duration of the ready-signal with trace-presentation was 0.1 sec. The response- 


signal consisted of a 0.3-sec. increase in luminance to 27 ft.-c. from an ambient level 
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Fic. 2. MEAN RT AS A FUNCTION OF FORE-PERIOD WITH 
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of ee of the 1° circular aperture. The response-time was measured as in Experi- 
ment I. 

Procedure. The Ss (12 in number) received 54 trials on each of four consecutive 
days. The trials of the first day, which constituted practice, were divided approxi- 
mately equally among the various modes of presentation of the ready-signals (trace 
and delayed) and fore-periods (1.1, 3.1, and 8.1 sec.). On each of the three test- 
days, every $ received six "warm-up' trials followed by 48 trials containing a con- 
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Results. 'The data used for analysis consisted of the arithmetic means 
of the 20 response-times remaining after the two longest and shortest 
responses were eliminated in each mode of ready-signal and fore-period 
combination for each $. An analysis of variance of the results, graphically 
depicted in Fig. 2, indicates that the superiority of delayed presentation of 
of the ready-signal is statistically significant, (F, 1/11 — 32.2, p « 0.001). 
The fore-period effect is also significant, (F, 2/22 = 14.9, p < 0.001). 
The interaction between mode of ready-signal and fore-period is not, 
however, significant, (F, 2/22 = 1.31, p > 0.05). 


Discussion. The shorter reaction-times obtained with delayed presentation of the 
ready-signal indicate that the ready-signal serves more than a mere cuing function. If 
our argument that preparatory responses may become conditioned to the ready-signal 
in RT tasks is correct, then it appears that a delayed ready-signal is more effective 
than a trace ready-signal in conditioning these preparatory responses or in eliciting 
the already conditioned responses. 

In the previous study, we interpreted the effect of the intensity of the ready-signal 
as an example of Hull’s “stimulus-intensity dynamism.” This interpretation may 
apply here as well. If the effectiveness of the ready-signal is determined by the 
intensity of the stimulus at, perhaps, the time of onset of the response-signal, or if 
the stimulus is terminated before the onset of the response-signal, the effectiveness 
is determined by the magnitude of the waning trace of the stimulus, then it may be 
expected that the delayed presentation of the ready-signal would be more effective 
than the presentation of the trace, If, furthermore, the stimulus-trace may be assumed 
to wane monotonically with time, then the difference in RT for the two modes of 
presentation of the ready-signal would be expected to increase with increasing 
fore-period. In fact, a small, though nonsignificant, trend, as predicted, was found. 
For mean fore-periods of 1.2, 3.4, and 8.9 sec., the difference trace and delayed 
Presentation of the ready-signals were 17.2, 22.9, and 24.8 m.sec. A larger, and 
perhaps significant, effect would be expected if the range of the fore-period was 
increased. For example, Ellison, working with dogs, found that conditioning was 
equally effective with 8-sec. trace and delayed CS-UCS intervals, but that large 
differences emerged with 16-sec. intervals," 

Another possible interpretation of the present results relates to the accuracy of 
estimation of filled and unfilled intervals. If the durations of filled intervals are 
estimated more accurately than those of unfilled intervals, then it might be argued 
that this advantage reduced the temporal uncertainty for the delayed ready-signals. 
In attempting to explain the difference between trace and delayed conditioning, 
Fraisse noted, " ‘Filled’ time has more reality than ‘empty’ time and is judged far 
more accurately, as if the physical duration of the stimulus added another cue to 
those provided by ‘internal’ processes." Variability of the fore-period would be 
expected, however, to reduce the difference in the accuracy of judgment. 


5G. D. Ellison, Differential salivary conditioning to traces, J. comp. physiol. 
Psychol., 57, 1964, 373-380. 
Paul Fraisse, The Psychology of Time, 1963, footnote p. 51. 
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CONCLUSIONS 


The results of these studies, taken together, provide evidence for th 
value of the view that components of the RT and conditioning experimen 
are similar. At least the results of these experiments suggest that a numbe 
of variables, not traditionally considered to be relevant, may, in fact, be 
potent determinants of response-time. The investigation of CS-like proper. : 
ties of the ready-signal became immediately obvious when the model was b. 
made explicit. That the expected variations in RT were obtained, may — 
have been fortuitous, but we think not. It would be inappropriate, however, 
to assume that these data confirm in any way, our assumption that prepara- 
tory responses become conditioned in the RT task. Direct measurement 0 
these processes is possible and is needed. The results however, do under - 
score the homologies between the two tasks. A 
SUMMARY 3 

Two experiments, derived from a conditioning model of the reaction- 
time task, examined C$-like properties of the RT ready-signal. In the 
first study, the intensity of the ready-signal was varied over a range of 60 
db. with three different fore-periods. Both a within-Ss and a between Ss A 
design was used. In the former, the reaction-times decreased significantly ^ 
with an increase of the intensity of the ready-signal. The decrease was 
proportionate at each fore-period. The between-Ss conditions were not 
significant, 

In the second study, trace and delayed presentations of the ready-signals 
Were compared, using a within-Ss design. Delayed ready-signals yielded 
significantly shorter reaction-times than did trace-signals at all fore-periods, 
Taken together, the results of the two studies clearly indicate that the 


ready-signal in the reaction-time task serves more than a mere function of. 
cuing. 


CUE-CONSISTENCY AND CUE-UTILIZATION IN JUDGMENT 


By PAUL SLovic, Oregon Research Institute, Eugene 


Although the process of inference is acknowledged to be among the most 
important of cognitive activities, little is known about the manner in which 
human subjects (Ss) combine information from multiple cues, each with a 
probabilistic relationship to a criterion, into a unitary judgment about that 
. criterion. Numerous writers have emphasized the need for an analysis of 
the manner in which patterns or configurations of cues are utilized.! There 
is, however, little evidence to date indicating that the interpretation a 
person gives to a particular cue depends upon the values taken by accom- 
panying cues. 

In the area of impression-formation, the work that led Asch to reject an addi- 
tive model of cue-combination in favor of a configural model has recently been 
criticized on both logical and empirical grounds. In addition, the results of more 
than a dozen studies in the context of clinical or quasi-clinical diagnosis seem to 
indicate that people typically combine cues in a simple linear manner.’ Nevertheless, 
some judgments deviate from the predictions of the linear model and, as Anderson 
has pointed out, investigators have not given sufficient attention to the meaning 
and significance of these deviations." 


The purpose of the present investigation is to examine the influence of 
one aspect of a pattern of cues, namely cue-consistency, upon the manner 
in which these cues are used by the judge. The situation to be studied is 
one in which a person is provided with several items of information per- 
taining to the personality and behavior of another individual and asked to 


* Received for publication July 21, 1965. This study was supported by Research 
Srt MH-04439 from the National Institutes of Mental Health, Public Health 
service, 

* See S, E. Asch, Forming impressions of personality, J. abnorm. soc. Psychol, 41, 
1946, 258-290; P. E. Meehl, The cognitive activity of the clinician, Amer. Psycholo- 
gist, 15, 1960, 19-27; P. J. Hoffman, The paramorphic representation of clinical 
judgment, Psychol. Bull., 57, 1960, 116-131; K. R. Hammond, Carolyn Hursch, and 
od Analyzing the components of clinical inference. Psychol, Rev, 71, 1965, 

38-456. 

. * Asch, op. cit, 258-290; N. H. Anderson, Application of an additive model to 
impression formation, Science, 138, 1962, 817-818; D. N. Jackson, The measure- 
ment of perceived personality trait relationships, in Dorothy Willner (ed.), 
Decisions, Values and Groups, 2, 1962, 177-188. an 

For a list of these studies see K. R. Hammond and D. A. Summers, Cognitive 
dependence on linear and non-linear cues, Psychol, Rev., 72, 1965, 215-224. 

Anderson, op. cit., 817. 
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make an inferential judgment of the individual with respect to some other 
attribute. 

As Bruner, Shapiro, and Tagiuri have noted, one device by means of which 
partial information gets coded and organized in such a way as to enable the prediction. 


of other information is a theory, in this case a lay personality theory. These 
writers further state, 


What we infer about others is based upon a set of expectations or a ‘coding 
system’ about the nature of persons, derived in part from experience with behavior. 
Indeed, support for such expectations about others resides in the very consistency 
of behavior. It is a truism that the acts performed by people are not independent one 
from the other—a man who steals is li ely to lie as well." 

The notion of internal consistency among a set of cues underlies the 
hypotheses of the present investigation. A set of cues can be considered 
consistent if the judge feels that the cues all agree in their implications 
for the attributes being judged. A set of cues is said to be inconsistent if 
the inferences that would be made from a subset of these cues would be 
contradicted by the implications of another subset of cues, Though con- 
sistency will be conceptualized as an all-or-none matter in the present 
Paper, it is obvious that it is really a matter of degree. 

It is hypothesized that, when a set of cues is consistent, each cue will be 
combined additively to determine a resultant judgment of which the judge 
is quite confident. An inconsistent set of cues, however, presents a problem 
for the judge. To reconcile apparently contradictory information, he must 


doubt either the reliability of the cues or the validity of his theory or both. .— 


It is possible that the judge will continue to employ the same additive 
weighting function to inconsistent cues that he uses for consistent cues. If 
so, his resultant inference would lie somewhere between the contradictory 
poles of the two inconsistent subsets, Alternatively, he might resolve the 
inconsistency by focusing his reliance upon some consistent subset of the 
inconsistent cues or by looking to previously ignored cues for confirmation 
or clarification, 

Any change in the importance of a particular cue for a judge that occurs 
as a function of the amount of consistency among relevant cues is an 
example of patterned cue-utilization. A recent study by Anderson and 
Jacobson has demonstrated just such an effect." These investigators found 


i S Bruner, David Shapiro, and Renato Tagiuri, The meaning of traits in iso- 
lation and in combination, in Renato Tagiuri and Luigi Petrullo (eds.), Person 
Perception and Interpersonal Behavior, 1958, 277-288. : 

; Bruner, Shapiro, and Tagiuri, Op. cit., 277-278. 

NH Anderson and Ann Jacobson, Effect of stimulus inconsistency and dis- 
eo TUE in personality impression formation. J. pers. soc. Psychol., 2, 
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that judgments in an impression formation task were well represented by 
an additive model but that the weight given a particular cue was less for 
sets of cues in which that cue was inconsistent with the implications of 
other cues than for sets where it was consistent. The present study attempts 
to explore further the relationship between cue consistency and cue 
utilization. 


METHOD 


The task. Our Ss were asked to judge the intelligence of a person on the basis of 
quantified information from nine cues. These cues were: (1) High-school grade 
rating; (2) Status; (3) Percentage self support; (4) English effectiveness; (5) Re- 
sponsibility; (6) Mother's eductation; (7) Study habits; (8) Emotional anxiety; 
and (9) Credit hours attempted. The cues were displayed in profile form in the 
order listed above with the levels of each cue presented as percentiles. The profiles 
did not represent real persons. In order, however, to enhance involvement in the 
task, the Ss were told that the profiles were constructed from information decribing 
real University of Oregon freshmen and that they should try to adopt a judgmental 
attitude appropriate to a member of an admissions or scholarship committee. The Ss 
were paid $1.25 per hour for their work. In addition, they were told that cash 
rewards would be given to the most ‘accurate’ judges. Judgments were made on a 
stanine scale with no restrictions placed on their distribution over categories. They 
also indicated their confidence in each judgment by assigning to it a number repre- 
senting its probability of being correct. 

The profiles were arranged in a loose leaf notebook. The Ss were allowed as 
much time as they wished. On the average, they took about one and a half hours 
to judge the entire set of profiles. 

Definition of consistency. Results from a previous study that used the same judg- 
mental task indicated that a linear combination of the nine cues accounted for 
about 75% of the total variance in the average Ss intelligence judgments for a 
sample of profiles in which the cues were uncortelated.* Furthermore, the Ss were 
found to rely primarily upon just two of the nine cues: (1) High-school grade 
rating (HSR), and (4) English effectiveness (EE). On the average, the linear 
use of these two cues accounted for about 80% of the total linearly predictable 
variation and about 6096 of the total variation in a person's judgments. Though 
some persons relied on HSR more than on EE and vice versa, the judgments of 
more than 85% of the Ss were correlated significantly and positively with both 
of these cues. This information led to the consistency of any given profile 
being defined, for the purposes of the present study, as a function of the absolute 
percentile difference between HSR and EE. This definition of consistency, dictated 
by considerations of convenience, is admittedly incomplete. For example, a large 
percentile-difference should appear more inconsistent to a person who weighs HSR 
and EE substantially and equally than it does to a person who relies more on one 
cue than on the other or uses other cues as well. Furthermore, possible inconsistency 
due to other cues is ignored. Nevertheless, should systematic effects of consistency 


z *F. W. Clark, Cue-extremeness and cue-utilization in clinical judgment, Unpub- 
lished Master's thesis, University of Oregon, 1965. 
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emerge despite these inadequacies, future studies can pursue them using more 
sophisticated conceptualizations, 

Profile sets, Every $ judged 75 profiles, Afterwards, certain subsets of these judg- 
ments were selected by E for separate analysis. Fifteen profiles, all exhibiting a 
percentile-difference between HSR and EE that exceeded 40, were singled out as 
inconsistent profiles. Another 15 profiles with percentile-differences between 10 
and 20 inclusive were selected to represent a relatively consistent group of profiles. 
Profiles in which HSR and EE were identical were not included in the consistent set 
because this would have precluded the possibility of determining whether $ was 
weighting these two cues differentially when judging these profiles, The correlation 
between HSR and EE over the 15 inconsistent profiles was made less than —1.00 
for this same reason, The remaining 45 profiles of the total set of 75 provided the 
context within which the consistent and inconsistent profiles were judged. In general, 
HSR and EE were consistent for the context profiles. Judgments for these profiles 
were not analyzed, The first 15 profiles seen by the judge were from the context set. 


TABLE I 
CHARACTERISTICS OF CONSISTENT, INCONSISTENT, AND CONTEXT PROFILES 
Number : HSR 
Profile Set of AD* Gia ge et Rt REIR: 
profiles * Mean SD Mean SD 
Consistent 15 16.0 +.80 4.9 2.6 5.0 2.8 
Inconsistent 15 45.7 —.50 47 2.6 46 2.8 
Context 45 21.8 +.53 $.0 2.9 5.0 3.0 


* Average absolute percentile difference between JSR and EL. 


Consistent, inconsistent, and context profiles were randomly interspersed within the 
remaining 60 profiles. 

The profiles were so constructed that the means and variances of cach of the 
nine cues were approximately equal for the consistent and inconsistent subsets. The 
intercorrelations among all cues were low with the exception of those between 
HSR and EE. Pertinent information about the profile sets is presented in Table I. 

Subjects, The Ss were 92 undergraduates from the University of Oregon. 


RrsuLTS 


T he linear model, The data were analyzed within the framework of the 
linear model.” This model depicts each judgment as a simple weighted sum 
of the values of the cues in the profile. The major aim of the analysis is to 
determine the weighting coefficient for each cue such that the multiple 
correlation (R,) between the weighted composites and the judge's re- 
sponses over a set of profiles is maximized. If R, is high, a transformation 
of the weighting coefficients can be viewed as descriptive of the degree to 


* Hoffman, op. cit., 119; Carolyn Hursch, K. R. Hammond, and J. L. Hursch, Some 


T Dos a considerations in multiple-cue probability studies, Psychol. Rer., 71, 
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which the various cues are used by the judge. This model assumes that the 
- manner in which a judge weights a cue does not depend upon the values 
of the other cues in the profile, In the present study, it was assumed that 
this model would accurately predict judgments that were made from profile 
- sets which were homogeneous with respect to the consistency between 
HSR and EE. 

Two separate multiple regression analyses were performed on the data 
- from each judge; one for the set of consistent profiles and one for the 
inconsistent profiles, Hoffman's index of relative weight (W, = &*ri/R*) 
- was calculated to assess the extent to which the judge was using the i 


TABLE II 


VALUES OF JUDGMENT-INDICES AVERAGED OVER Ss FOR CONSISTENT AND 
INCONSISTENT PROFILES 


Profiles 
% of Ss 
Index Consistent Inconsistent for whom P 
(+) (-) (h>-)* 
Ry ,94 ,88 77 <.001 
RW nsn 37 24 73 <,001 
RW gg 29 23 63 <.02 
66 AT 83 <.001 
29 Al 30 « .001 
46 E 59 >.05 
19 .06 87 <.001 
4.08 2.65 79 <.001 
58 ,54 78 «001 


* Percentage of Ss for whom the value of the judgment index calculated from cons 
sistent profiles exceeded the value calculated from inconsistent profiles. 


cue over the set of consistent or inconsistent profiles.!? Since R*, = Xifi*ri, 
Hoffman contends that IW provides a method for describing the relative 
contributions of each of the cues such that a simple sum of them accounts 
entirely for the linearly predictable variance in the judgments. Hoffman's 
relative weights sum to 1.00 over the set of cues, The index of relative 
weight used in the present investigation (RW) was normalized to sum 
to R*, Thus, in this study, RW, represents the proportion of the total 
variance in the judgments that can be accounted for by the linear use of 
- the "^ cue, 

Dependent variables. "The discussion of the results which follows will 
“center around the effects of profile-consistency on the following variables, 
= most of which are derived from the multiple regression analyses. 

par A i eee 
“ Hoffman, op. cit, 121, 


432 SLOVIC 


(a) VAR; the variance of S's judgments over a set of 15 profiles. 

(b) R's; the proportion of VAR; that can be accounted for by the linear mi l. 

(c) RWusa and RW’ ex; the proportion of VAR, that can be accounted for by 
the linear use of cues HSR and EE respectively. 

(d) SUM; the sum of RWusa and RW xe. This is the proportion of VAR; ace 
counted for by the linear use of both critical cues. í 

(e) LARG; the larger of the values for RW'usz and RW wx. "n 

(f) SMAL; the smaller of the values for RW sn and RW’xn. 

(g) DIFF zR'; — SUM; this index,gives the sum of the relative weights for the 
seven other cues. 

(h) CONF; the mean of confidence ratings over the set of 15 profiles. 


Group means, Two values of every dependent variable described above 
were calculated for each S; one for the consistent and one for the incon- 
sistent profile sets. These indices were then averaged over the 5s. The re- 
sults are presented in Table II. The sign-test was used to evaluate the 
statistical significance of differences between consistent and inconsistent 
profile sets. The principal findings are described below for cach de- 
pendent variable, 

R's. The linear model predicted the $s’ judgments quite well within both consistent 
and inconsistent profile sets. Judgments, however, were slightly more linear for the 
consistent profiles. 

RW uas, RWee and SUM. Both HSR and EE were used to a greater extent when 


of inconsistent profiles while only 229% did so for the sets of consistent profiles, A 
test of significance for correlated Proportions showed this difference to be significant j 


lower for inconsistent profiles than for consistent ones. 
The results for the indices labeled SUM, DIPF, LARG, and SMAL, indicate 
that there was a tendency for the $s to rely upon both HSR and EE when these 


use only one of these two cues, The lesser l i 
use of other cues when HSR and EE were inonsina ce xw de 


„S. Siegel, Nonparametric Statistics for the Behavi z 
" Quinn, McNemar, Prychological Doria (tri Sciences, 1956, 68-75. 
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VARs. Judgments were considerably less variable for inconsistent profiles than 
for consistent ones, 

CONF. The $s were less sure of judgments made for inconsistent profiles. Al- 
though the magnitude of the confidence decrease seems rather small, it should 
be evaluated with the knowledge that a person's confidence varied little within a 
set of 15 consistent or inconsistent profiles. The average standard deviation about 
the mean confidence rating was only 0.1, 


Discussion 

It is apparent that cue-consistency does influence the manner in which a 
person utilizes fallible information when making a judgment. Since 
consistency is a feature of all cue-configurations, the type of pattern-sen- 
. sitivity exhibited by the Ss in the present study should generalize to other 
judgment tasks as well, Patterned cuc-utilization is essentially incompatible 
with the linear model, It is interesting to note, however, that the degree of 
linearity within judgmental sets that were relatively homogeneous with 
respect to cue-consistency was extremely high; greater, in fact, than that 
reported in any of the previous studies that used similar tasks but did not 
take consistency into account.’ 

Perhaps the most surprising result was the fact that, although a sub- 
stantial number of persons relied upon both HSR and EE when these cues 
agreed with one another, only a very few people continued to use both 
when they were contradictory. Instead, the relative magnitude of their 
judgments for inconsistent profiles was primarily determined by just one of 
these two cues. This disregard for one of the inconsistent cues is congruent 
with the findings of Anderson and Jacobson,"* In the Anderson-Jacobson 
study, however, cues were discounted because they disagreed with the 
majority of the other cues, In the present study, the cue that was consist- 
ently discounted could not have been generally in less accord with the 
other cues because of the manner in which the profiles were constructed. 
Thus, in this study, reliance on one cue and discounting of the other must 
have been due to the judge's implicit feelings about the relative validity of 
the two cues for predicting the criterion. 

Other data also point to an interaction between a cue's intrinsic validity 
and the manner in which consistency affects the use of that cue. For ex- 


" For example, sce R. E. Knox and P. J. Hoffman, Effects of variation of profile 
format on intelligence and sociability judgments, J. appl. Psychol, 46, 1962, 14-20; 
Stuart Oskamp, How clinicians make j ts from : An 
study, Amer, Psychologist, 17, 1962, 316; Hammond, Hursch, and Todd, op. di, 
441; J. Newton, Judgment and feedback in a quasi-clinical situation, J, pers Jor. 
Prycbol., 1, 1965, 336-342. 

Anderson and Jacobson, op. cit., 517. 
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ample, the value of HSR is derived from a great deal of behavior during — 
the course of several years, while that of EE is the product of just a fe 
hours’ work. If the Ss thought inconsistency was caused by the unreliability 
of one of these cues, it seems likely that they would have distrusted the 
EE score more. If so, one might expect that inconsistency would have re- — 
duced the use of EE more than it reduced the use of HSR. The fact that 
this did not happen suggests that considerations of a cue's intrinsic validity n 
take precedence over considerations of reliability in determining whether. 
that cue will be discounted or used in the event of inconsistency, H 

While it is evident that other cues were called upon to help determine 
the judgment when HSR and EE were contradictory, the nature of this 
process remains unclear. One hypothesis for future study is that a cue re- 
garded by $ as having relatively low validity will be used in conjunction — 
with a more valid cue only when it is consistent with that cue. ( 

In conclusion, it appears that the simple linear model should be amended i 
to include a term that is sensitive to the level of incompatibility among cues 
pertaining to a particular stimulus. Further theoretical and empirical work - 


is necessary, however, before the precise nature of this complication can be 
adequately formulated. 


SUMMARY 


Ss were asked to judge the intelligence of a person on the basis of nine .— 
Cues presented in profile form with the levels of each cue displayed as 
percentiles. Previous research with this task had determined that judg- 
ments of intelligence were based primarily on a linear combination of only 
two of these cues—High-school grade rating (HSR) and English effective- — 
ness (EE). The consistency of a profile was defined in terms of the de 
Bree of agreement between these two cues. Each $ judged 15 ‘consistent’ 
profiles in which the percentile-difference between HSR and EE was rather 
small and 15 ‘inconsistent’ profiles in which the percentile-difference was 
quite large, Consistent and inconsistent sets of profiles were analyzed — 
separately by means of a multiple correlation model, The results indicated — 
that an $'s judgments were dependent upon both HSR and EE when these 
cues agreed with one another. When these cues, however, had contradictory 3 
implications, $ relied upon only one of them, The other was consistently - 
excluded from consideration. Cues other than HS. R and EE were used toa 
greater extent when HSR and EE were in disagreement. These data call — 


" . p 
for a modification of the commonly accepted ‘linear model’ of information - 
combination. 1 


RETINAL ANOXIA AND THE LOCUS OF 
THE AFTER-EFFECT OF MOTION 


By Tuomas R. Scorr and DOROTHY Z. Woon, 
VA Hospital, Columbia, South Carolina 


Lately there has been renewed interest in the physiological origin of the 
after-effect of motion.* This interest receives its impetus from two sources: 
the possible application of such knowledge as a diagnostic tool;? and the 
existence of numerous mutually contradictory interpretations in the litera- 
ture? The most popular technique for eliciting the after-effect of motion 
in these studies has been the familiar spiral after-effect. Whether this 
illusion owes its appearance to a primarily retinal process, a central 
process, or some combination of the two is not known. Superficially, the 
solution to the problem of retinal or central primacy appears simple 
enough, but unfortunately no one of the many ingenious studies designed 
to answer the question has produced unequivocal results. Indeed, the 
various attempts to solve this physiological jig-saw puzzle make a most 
curious chapter in the history of perception. 

One approach toward a solution to the problem has been the interocular transfer 
study. Transfér is said to have been demonstrated when one eye is stimulated and 
the after-effect is observed with the unstimulated eye. The demonstration of "trans- 
ferred” after-effect has been taken by some authors as support for a central process.* 
Day, however, has shown that this demonstration does not necessarily rule out the 
possibility of a retinal contribution.’ As Day points out, the complexity of the 


* Received for publication, July 23, 1965. 4 

1S. L. Freud, The physiological locus of the spiral after-effect, this JOURNAL, 77, 
1964, 422-428: M. J. Pickersgill, After-effect of movement in the stimulated and 
Opposite eyes during and after pressure blinding, Nature, 202, 1964, 833-834; M. J. 
Pickersgill and M. A. Jeeves, The origin of the after-effect of movement, Quart. J. 
exp. Psychol., 16, 1964, 90-103. ^ 

* A. C. Price and H. L. Deabler, Diagnosis of organicity by means of the spiral 
after-effect, J. consult, Psychol., 19, 1955, 299-302; T. R. Scott, R. A. Bragg, and 
R. G. Smarr, Brain damage diagnosis with the MMG, ibid., 27, 1963, 45-53. 

W., S. Hunter, Retinal factors in visual after-movement, Psychol. Rev., 22, 1915, 
479-489; Ragnar Granit, On inhibition of the after-effect of seen movement, Brit. 
J. Psychol., 19, 1928, 147-157; H. C. Holland, Some determinants of seen after- 
movement in the Archimedes spiral, Acta Psychol., 14, 1958, 215-222; Wolfgang 
Kóhler and Hans Wallach, Figural after-effect: An investigation of visual processes, 
Proc. Amer. Phil. Soc., 88, 1944, 269-357. 

{Kohler and Wallach, op. cit., 271, 340. o 3 

ČR. H. Day, On interocular transfer and the central origin of visual after-effects, 
this JOURNAL, 71, 1958, 784-790. 
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problem has its basis in the fact that one hemiretina from each eye projects onto the 
same hemisphere of the visual cortex. The fact of coincidence of the two monocular 
visual fields results in the possibility that continuing retinal processes in one eye 
will affect what is seen by the other. 

Freud has studied the effect of stimulating the hemiretinas of the two eyes 
independently* The results of this procedure are equally ambiguous. He found 
that stimulation of the hemiretina of one eye could produce an after-effect observed 
by the homonymous hemiretina of the opposite eye. No such ‘transfer,’ how- 
ever, could be demonstrated when the test-stimulus was viewed by the heteronymous 
hemiretina. These results can be perfectly well accounted for by either a central or a 
retinal theory, 

Young in a very ingenious study introduced different levels of illumination to 
the previously stimulated eye while measuring the duration of the after-effect in the 
opposite eye.’ He found a significant difference and concluded that this difference 
would be found only if the after-effect has a retinal component. The processes, 
however, which Young thinks of as being in the retina and as being affected by 
varying the illumination might equally well be in the brain. 

Terwilliger has recently suggested that the problem may be insoluble unless a way 
can be found to block temporarily the transmission of neural impulses between the 
retina and the cortex For as long as the retina sends information to the brain, 
the roles played by the cortex and the retina remain difficult if not impossible to 
Separate, 

Perhaps a solution can come from the fact that pressure on the eye results in a 
diminution of the blood supply and subsequent retinal anoxia.’ While ophthalmo- 
scopic examination of the pressure-blind eye does not reveal complete vascular oc- 
clusion, sufficient anoxia is obtained by this method to produce total blindness, indi- 
cating that retinal neural Processes are suppressed considerably if not totally. 

Pickersgill and Jeeves have recently made use of pressure blindness in a study 
Of spiral after-effect and have presented two results which, they feel, are sug- 
gestive of a retinal process.” In one experiment, they stimulated one eye with a 
rotating spiral and applied pressure to the €ye until total blindness resulted. Blindness 


the spiral, the after-effect was observed in the unstimulated eye. In seven out of 
12 Ss, blinding the stimulated eye was then observed to interrupt the after-effect 
which subsequently continued upon release of pressure. Pickersgill summarized this 
result by saying that the after-effect seen with the unstirhulated eye appeared to be 
dependent upon the state of the retina of the stimulated €ye. These results would 


* Freud, op. cit, 422-428. 
‘Young, op. cit, 74. 
R. F. Terwilliger, A reply to Scott, Percept. mot. Skills, 18, 1964, 640. 


"K. J. W. Craik and M. D. Ve TI i it 
Ba 32 tone ee rnon, The nature of dark-adaptation, Brit. J. 


" Pickersgill, op. cit., 834. 
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of this measure. After stimulation, the after-effect slowly decreases. An S instructed 
to tell the E when there is no longer any after-effect is in a position similar to 
that of an S in an absolute threshold experiment in which the stimulus is never 
increased from below the threshold, but is always decreased from above threshold 
values. Since the after-effect decreases exponentially, there really is no precisely 
identifiable time when it disappears altogether. This creates a problem for $ who 
is thereby made peculiarly susceptible to anchoring effects. In a study of the 
duration of the after-effect of motion in this laboratory, it was found that the 
duration of S's first after-effect in the experiment had a marked influence on his 
report of subsequent conditions. If the experiment began with a condition producing 
prolonged after-effect, $ tended to give prolonged reports of duration in all subse- 
quent conditions. The Ss whose first experimental condition produced only slight 
after-effect, on the other hand, tended to report shorter after-effects even under con- 
ditions which are known to produce much more extended after-effects in unbiased 
Ss. There is still another reason to doubt the validity of findings based on the 
measure of duration. Pressure blinding is an uncomfortable experimental procedure 
for S. Under any condition in which pressure can be released as soon as the S 
reports cessation of after-effect, S is likely to be motivated to find that his after- 
effect has ceased. In addition, whenever after-effects are slight, S’s beliefs as to what 
he should see are very likely to affect what he sees." 


The present study was designed in an attempt to circumvent the ob- 
jections presented above. Specifically the purpose was to make use of 
the facts of pressure blinding in deciding between retinal and cortical 
contributions in such a way that motivational factors, beliefs of the S, 
and anchoring effects could not operate. 


Apparatus. The apparatus used in this study to measure the rate of spiral after- 
effect is similar to that described in a previous publication.” A two-field mirror 
tachistoscope and electronic timer were used. The eliciting stimulus was a black 
single throw spiral, drawn counterclockwise outward on a white disk 19 cm. in 
radius. The black and white bands were of equal widths, and the formula for the 
spiral was p = 0.353 9, with p in centimeters and 9 in radians. The spiral was 
rotated counterclockwise at a stroboscopically controlled speed of 160 r.p.m. A 
central fixation-point was provided by a 6.3-v. bulb set in the center of the spiral 
behind an aperture which was 3 mm. in diameter. The light was powered inductively 
so that flicker would not occur as the spiral rotated. The spiral was placed in one 
arm of the tachistoscope and was illuminated by 8 nc-operated fluorescent lights and 
two 150-w. incandescent bulbs, This unusually bright illumination was made neces- 
sary by the method used to equate the brightness of the visual fields. A TV picture 
tube (ALP4-A) and deflection yoke were mounted in the other arm of the ta- 
chistoscope. The test-stimulus was a circular trace about 2-mm. wide. The circle 
appeared with an initial radius of 5 cm. and then expanded, contracted, or remained 


" P. London and J. H. Bryan, The influence of instructions on spiral after-effect, 
Amer. Psychologist, 13, 1958, 335. S12 ale ea 

* A 3-page description and one circuit diagram have been deposited with Uni- 
versity Microfilms, Inc, Ann Arbor, Michigan. Order Special Film $-294, remitting 
$2.75 for microfilm or positive copies. 
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stationary. The rates at which the circle expanded or contracted were controlled by 
means of an electronic circuit which could be adjusted to produce any desired rate of 
change of circle size. E could select any one of several precalibrated rates of change 
of circle size by adjusting a step switch. The particular rates of change of radius 
were calibrated in 1 mm./sec. steps. 

Electrically controlled shutters were placed in front of S's eyes. To avoid dif- 
ferential dark-adaptation of the two eyes during certain conditions, two layers of 
translucent bond paper were placed over one aperture of each shutter and an ad- 
justable polaroid lens was placed over the other aperture of each shutter. The 
polaroid lenses were so adjusted by use of a Gossen Lunasix light meter that 
the amount of light passing through the translucent paper was equal to the amount 
passing through the lenses. The two shutters were controlled in such a way that 
wherever one eye was covered by translucent paper, the opposite eye looked through 
one of the polaroid lenses. The light scattering produced by the translucent paper 
was sufficient to obliterate completely any perception of the stimuli as optical figures, 
The necessity for compensating the two eyes in this way accounts for the unusually 
bright levels of illumination used. Under certain control conditions, it was 
necessary to present a stationary stimulus in place of the rotating spiral. A stationary 
spiral was rejected because the use of such a figure could induce a clear after-image. 
Therefore, a gray paper shield matched in reflectivity to the spiral disk was in- 
serted in front of the spiral, completely covering it. 

A manipulandum box containing a potentiometer with a large control knob was 
connected to the electronic circle generator in such a way that the size of the circle 
could be linearly controlled by turning the knob, The electronic circle generator 
was so constructed that it was also possible to superimpose controlled rates of ex- 
pansion or contraction on the effect of the S's adjustments of the knob. A second 
potentiometer was ganged to the other just described and connected through a 
bridge circuit to a nc amplifier in such a way that S's adjustments of the knob were 
recorded on an oscillograph, 

A dermographia stimulator was adapted for use as an eye-pressor. The point of 
the stimulator was removed and a hard rubber hemispherical tip of 0.5 cm. radius 
i are was attached in its place. A standard pressure of 200 gm. was used by 
all Ss. 

Subjects. Eleven Ss ranging in age from 15 to 36 yr. were used in this study. 

Procedure, Prior to the experiment, each S was trained to apply 200 gm. of 
pressure to each upper eyelid in order to obtain pressure-blindness. Also each S 
was given a trial period in which he learned to adjust the knob which regulated the 
movement of the test-circle, Following the practice séssion, each $ was given a 
series of 30 random trials in which the test-circle changed size at various rates, His 
objective was to hold the circle stationary for each trial. A trial consisted of three 


was measured under seven conditions. A condition was determined by the eye 
stimulated, the eye tested, the présence or absence of pressure on an eye, and 
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the duration of the pressure applied. In each condition, one eye was stimulated for 
30 sec., followed by a period of darkness lasting 17 sec. This was the maximal time 
required by any S to achieve total blindness and to regain sight upon release of 
pressure. Under conditions in which it was desired that sight return before presenta- | 
tion of the test-stimulus, the S was instructed to release pressure after 12 sec. In 
this way, 5 sec. were allowed for the return of retinal circulation before the presenta- 
tion of the test-stimulus (the ‘release’ conditions listed below). Under some con- 
ditions, pressure was maintained until the end of the test-period (the ‘hold’ con- 
ditions listed below). The dark period was followed by a 5-sec. presentation of 
the circular test-stimulus, The seven conditions used are listed below: 

(A) Simple monocular: right eye stimulated, right eye tested, no blinding. 

(B) Simple transfer: left eye stimulated, right eye tested, no blinding. 

(C) Blinded monocular: right eye stimulated, right eye blinded and released, 
right eye tested. 

(D) Blinded transite (release): left eye stimulated, left eye blinded and re- 
leased, right eye tested. 

(E) Blinded transfer (bold): left eye stimulated, left eye blinded and held 
throughout the test period, right eye tested. 

(F) ‘Placebo’ (bold): right eye stimulated, left eye blinded and held throughout 
the test period, right eye tested. 

(G) Flata (release:) right eye stimulated, left eye blinded and released, right 
eye tested. 


The last two conditions listed above are 'placebo' conditions in the sense that al- 
though blinding is involved, the blinded eye is neither stimulated nor tested and pre- 
sumably plays no role in the perceptual process under study. This would appear to 
be an essential control for any study of this type. The initial order of presentation 
of the conditions was selected from a table of random numbers. This order was 
DACGBEF. The conditions were presented in reverse order to alternate Ss, Each 
of the seven conditions was presented under six sub-conditions. For three of the six 
sub-conditions, S viewed the rotating spiral; for the other three, he viewed the 
gray shield, thus controlling for any possible artifact of the measurement technique. 
To make sure that the § could not know whether he was responding to an after- 
effect or to real motion, the eliciting stimulus was followed by one of three objective 
motions of the circle: 2, 0, and —2 mm./sec. change in radius. These three objective 
motions were presented in a random order. As in the training procedure, each trial 
consisted of three identical presentations. The first presentation was not scored, 


Results. Table I summarizes the results of the experiment. The entries in 
the table are expressed iñ minutes of arc per sec. A preliminary analysis of 
the effects of order yielded a non-significant result, and orders were pooled 
for the subsequent analysis of variance. The effect associated with the 
seven conditions was highly significant (p < 0.0005), but interpreta- 
tion depends on subsequent parts of the analysis. The circles-effect was 
significant (p < 0.0005), thus showing that the Ss’ responses were a func- 
tion of the movement of the test-stimulus. The spirals effect was also highly 
significant (p < 0.0005), demonstrating that the Ss did observe an after- 
effect. The interaction of conditions by circles was not significant, indicating 
that the Ss’ ability to respond differentially to the circles was not ap- 
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preciably affected by the different conditions. This demonstrates that the 
discomfort and inconvenience involved in applying pressure to the eye 
under some conditions of the experiment did vot affect the Ss’ ability to 
perform the required discriminations. The conditions by spirals interaction 
was significant (p < 0.025), suggesting that the amount of after-effect was 
different in different conditions. This interpretation is based, however, on 
the assumption that the control conditions are equivalent. A separate 
analysis of the control conditions failed to cast significant doubt on their 
equivalence, (F = 1.4, 6 and 60 df, 0.10 < p < 0.25) so it must be 
concluded that transfer or blinding or both had some effect on the after- 
effect. The interaction of circles by spirals was insignificant, (F < 1). Thus 
* there is no reason to doubt the assumption of algebraic additivity between 
the after-effect and objective motion of the test-stimulus within the range 
of test-motions and after-effects involved.* Indeed, inspection of Table I 
reveals a striking consistency among the differences shown at the bottom 
of the table. These differences show that varying the objective motion 
has approximately the same effect whether or not after-effect is present (see 
differences in Row A). Also, the same amount of after-effect is observed 
whether the test-stimulus is objectively expanding, stationary, or contract- 
ing (see differences in Row B). A separate analysis was performed using 
only data from the following four conditions: simple monocular, simple 
transfer, blinded monocular, and blinded transfer. This analysis was per- 
formed in an attempt to separate the effects of transfer from the effects 
of blinding. The four conditions were arranged in a 2 X 2 contingency 
table with the variables transfer and blinding as the two dimensions of the 
table. The transfer-effect was highly significant (p < 0.0005) indicating 
that transferred after-effect is less than monocular after-effect. Blinding 
appeared to have no significant effect in this analysis (F < 1). Another 
analysis of variance comparing simple monocular with the two ‘placebo'- 
conditions showed a significant difference among these conditions (F = 
5.97, 2 and 20 df, p < 0,01). It thus appears that blinding a non-partici- 
pating eye significantly lessens the magnitude of after-effect in the opposite 
eye. A comparison of blinded monocular and placebo release conditions, 
however, results in an insignificant F (F = 2.49, 1 and 10 df, 0.10 < 
P < 0.25). It would appear that it makes no difference whether the eye 
blinded is or is not involved in the eliciting or testing situation. 


Discussion. Pickersgill reports that for 6 of her Ss, retinal anoxia 


a See also T. R. Scott, A. E. Jordan, and D. A. Powell, Does visual after-effect 
of motion add algebraically to objective motion of the test-stimulus?, J. exp. Psychol., 
66, 1963, 500-505. 
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induced after monocular stimulation and released prior to testing for 
after-effect in the same eye, resulted in complete absence of after-effect.** 
Under the same conditions, 5 Ss reported an increase in after-effect. In the 
present study neither an absence of after-effect nor an increase in it was 
observed in any of the 11 Ss tested. Rather, blinding the stimulated eye 
under monocular conditions resulted in a reduction of the after-effect, 
although this effect was not statistically significant. It would appear that the 
discrepancy between the two studies can be accounted for on the basis of 
the methods of measurement chosen. It would also appear likely that 
the present study more accurately reflects the effects of retinal anoxia. 

While results from the ‘placebo’ leave little doubt that pressure has an 
effect, no retinal theory would have predicted the diminution of the after- ' 
effect resulting from applying pressure to the non-participating eye. Under 
the monocular conditions of this study, blinding did decrease the after- 
effect but it did not appear to matter whether the blinded eye participated 
either in the cliciting or the testing situation. There appear to be only 
two consistent explanations for the obtained effects of blinding. The first 
is that a blinded eye sends impulses to the brain which interfere with proc- 
esses there, This could take place during the onset of blinding or during 
its release. The second is that the lack of normal background impulses from 
the blinded eye disrupts brain processes concerned with the after-effect. 
In either case, the results of the present study indicate that if there is a 
retinal component in the after-effect of motion, it can account for only a 
very small fraction of the after-effect. 


SUMMARY 


The purpose of this study was to test whether a retinal component 
exists in visual after-effects of motion. An attempt was made to remove 
any influence of the stimulated retina by applying pressure to the eye, 
thereby temporarily interrupting retinal blood supply. The rate of the 
after-effect was measured by having $ adjust the size of the test-stimulus 
after viewing a rotating spiral. The results showed that ‘transferred’ after- 
effect obtained by stimulating one eye and testing the opposite was signifi- 
cantly less than the monocular after-effect. While pressure-blinding had 
some significant effects on the after-effect rate under some of the condi- 
tions of the experiment, the pattern of these effects was not consistent 
with the hypothesis of a retinal locus for the processes involved in the 
after-effect of motion. It was concluded that if such retinal processes exist, 
they can account for only a very small fraction of the after-effect. 


* Pickersgill, op. cit., 834. 


GAZE-CONTINGENT ADAPTATION TO 
PRISMATIC SPECTACLES 


By HERBERT L. Pick, JR., University of Minnesota, and 
Jonn C. Hay, Smith College 


Ivo Kohler reported remarkable after-effects resulting from the pro- 
longed wearing of prismatic spectacles; when the spectacles were re- 
moved the apparent size and shape of objects varied with direction of view.! 
How does a constant retinal image come to evoke different impressions of 

- size and shape? The result obviously is connected with the distortion pro- 
duced by prisms. A prism displaces light as a function of the angle of 
incidence and the thickness of glass traversed. Thus, a person wearing 
wedge-prisms mounted in spectacle-frames (with bases oriented in the same 
direction) notes a variety of deformations, both when the head is moved 
while fixating a target, and when the eyes are moved with the head sta- 
tionary. In general, the after-effects reported by Kohler are the same dis- 
tortions as those produced by prisms, but in the opposite direction. 

Kohler's observations of these gaze-contingent after-effects were based 
upon two Ss, himself and Dr. T. Erisman. Pilot studies by the present 
authors indicate that Ss exposed to prismatic distortion for as short as 20 
days experience such after-effects but that their measurement is difficult. 
The purpose of the present study was to develop appropriate techniques for 
verifying the existence of no after-effects and for quantifying them." 

Problem, The present report focuses on the measurement of adaptation 
to two deformations produced by prisms. The first distortion is contingent 
upon change in vertical position of the eyes in the head. Specifically, hori- 
zontal lines above and below eye-level appear to converge towards the apex 
of the prism. This distortion is alternatively manifest in the apparent 
‘shearing’ or tilting of a fixated horizontal target as the head is nodded 
up and down. The seco&id distortion is contingent upon change in lateral 
position of eyes in the head. Specifically, identical targets viewed through 
the base and apex of the prism have different apparent widths (the base- 


* Received for publication September 1, 1965. This research was supported by 
Grant MH 07588 from the National Institutes of Health to the University of 
Minnesota. The authors are indebted to the Department of Psychology of Cornell 

niversity for the use of its facilities. 

Ivo Kohler, The formation and transformation of the perceptual world. Psycho- 
logical Issues, 3, 1964, 1-173. 

. ^ Some of these data were summarized in H, L. Pick, Jr. and J. C. Hay, Adapta- 
tion to prismatic distortion, Psychonom. Sci., 1, 1964, 199-200. 
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target being compressed and the apex expanded). This distortion is alterna- 
tively manifest in ‘stretching’ and ‘compression’ of a fixated target as the 
head is turned right and left. Adaptation to these two types of distortion 
was measured separately. 


Method: (1) Measurement of adaptation. To reduce the possibility that positive — 
results simply would reflect a change in S's response-tendencies or expectations, 
adaptation was measured by a variety of procedures. They all shared the feature 
that $ was required to report when an adjustable viewing situation appeared not 
to deform with change in gaze, that is, to find a visual null. The procedures differed 
in three principal ways: (a) S$ was tested with or without his own spectacles; 
(b) the viewing situation was adjusted by manipulation of the target or by manipu- 
lation of the optical input by means of a compensating prism; and (c) the target 
was familiar or unfamiliar. The logic of these tests is outlined below. À 

(a) Prism- and target-adjustment. An S may be asked to find a visual null by 
manipulating the optical channel with a compensating prism. Thus he might so 
adjust a variable prism that no distortion occurs as he moves his head from left to 
right while fixating a target. If $ is asked to do this before prism-exposure, he 
should set a variable prism close to zero-strength, After exposure, if he has adapted 
completely to a distortion and is asked to find a visual null, he should set the 
variable prism close to the strength of his own prisms. Values intermediate between 
zero and his own prism-strength signify intermediate degrees of adaptation, 

Alternatively, $ may be presented with an adjustable target, viewed with gaze 
in one direction, and asked to match it with a standard target viewed in a different 
direction, The two techniques are equivalent optically, although the adjustment of 
the target influences only a part of the visual field, while the adjustment of the - 
prism applies to all of it. Both tests should give the same quantitative results if 
adaptation is a matter of direction of the gaze controlling the apparent form of the 
target. 

(b) S tested with and without his own Spectacles, When $ is tested while wearing 

his own spectacles and is asked to find a visual null, he must. introduce an opposite 
distortion to counteract that produced by his own spectacles. If the test involves 
prism-adjustment, he must introduce prism-power opposite in direction to that of 
his own prism. For example, if he is tested while wearing his own prisms, but 
before any appreciable exposure, he should introduce prism-power of approximately 
the same strength, but in the Opposite or compensatory direction. If he has adapted 
completely to his own prisms, he should set an adjustable prism close to zero 
strength during the test of the visual-null. Again, intermediate values should 
represent intermediate degrees of adaptation. A similar argument applies to the 
adjustment of the target. If $ is wearing his own spectacles while making null 
judgments, the more he has adapted the less counteracting target-distortion will 
have to be introduced. 
, When S is tested without his own prisms and before appreciable exposure, 
little or no distortion of the target should be necessary to obtain a visual null. If, 
however, he has adapted completely to his own prisms, he should require, to obtain 
a visual null, approximately the same amount of target-distortion as produced by 
his own prism-spectacles. Intermediate degrees of adaptation should require inter- 
mediate amounts of distortion. 


ADAPTATION TO PRISMATIC SPECTACLES 445 


(c) Tests with familiar and unfamiliar targets, Whichever of the above pro- 
cedures is used, $ may be tested with familiar or unfamiliar targets. If the target 
is a familiar one, it is possible that his judgment may be somehow specific to it— 
he may have learned a new response for just this class of stimuli. If adaptation is 
a general change in the visual system, rather than one which is restricted to a 
particular class of visual stimuli, the same measurements should be obtained both 
with familiar and with unfamiliar targets. 


(2) Prism-exposure. Eight Ss, age 19-35 yr., wore 20-diopter prisms 
mounted in spectacle-frames for a planned period of 42 days (one $ 
dropped out after 30 days).? As in Kohler's experiments, the two prisms 
in each pair of spectacles were identically oriented, bases-right for half the 
Ss and bases-left for the others. The prisms had flat faces, were made of 

' crown spectacle-glass, and were mounted in 40-mm. round, metal frames. 
Plastic side-pieces prevented any non-prismatic view; the binocular field 
was approximately 100? wide and 60? high. The Ss wore the spectacles 
continuously during their waking hours, but carried out their normal ac- 
tivities as college students. 

Results : (1) Shearing distortion. Adaptation to the distortion contingent 
upon vertical eye-movements was measured by (a) test with variable prisms; 
(4) a spectacle-test; and (c) a square-adjustment-test. 


(a) Variable test with prism. This test was carried out both with and without S's 
own prisms. It was administered during the preéxposure period and every six days 
during the prism-exposure period with § wearing his spectacles, and during 
the preéxposure period, on the 21st day, and the 41st day of the prism-exposure 
period with $ not wearing his spectacles, For the test, a variable prism was mounted 
monocularly over the right eye in a face-mask giving a field of view of approxi- 
mately 40?.' The variable prism was covered with a monochromatic filter to pre- 
vent S from basing his null judgments on the prismatic color-fringes. Because of the 
filter and low ambient illumination in the test-room, only the brightly illuminated 
target was visible to $. Two types of target were used: a single horizontal line 
and random dot-patterns, The latter consisted of slides of randomly placed dots 
Projected on a screen 95 cm. from S. The average angular size subtended by the 
dot-patterns was 14°, and each dot subtended an angle of 30'. 

S was instructed so to adjust the variable prism that the target did not distort 
in any way, i.e. didn't shear, as he nodded his head up and down. Control measures 


* We are indebted to Dr. Edwin Hart of Ithaca, New York, and to Dr. Bruce 
Kantar of Minneapolis, Minnesota, for performing ophthalmological examinations 
On our Ss before and after the experiment. The examinations included the following 
visual parameters: depth-perception, muscle-balance, convergence, accommodation, 
acuity, cycloplegic refraction, and condition of retina, Although there was a slight 
Suggestion of improvement in some of the tests of eye-muscle coórdination and 
balance, there were no clinically significant or statistically reliable changes in any 
of the functions tested. y 

For a discussion of the optics of a variable prism, see K. N. Ogle, Optics: An 
Introduction for Ophthalmologists, 1961, 80-81. 
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were made by asking S so to adjust the prism that the target was undistorted w 
holding his head stationary. No consistent results were obtained in this c 
condition, suggesting that the test was in fact specific to the distortion conti 
upon head-eye movements and not affected by extraneous cues. 

The adaptation to the shearing as measured by the variable prism-test is § 
by the solid lines in the section of Fig. 1 entitled "Tilt-Distortion." The 
circles indicate tests with spectacles and the unfilled circles the tests without spe 
These are the results for the horizontal-line target. The data for Ss with b 
and base-right prisms are plotted separately with base-left prisms arbitrarily 
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designated positive and base-right negative. In this terminology, the base-rigl 
wore —20 diopter prisms and the base-left -+20 diopter prisms. 

The adaptive change to gaze-contingent shearing (tilting) shown on the gi 
for the variable prism-test with spectacles (solid lines, filled circles) is confi 
by statistical analysis. The null setting for this test six days after putting pri 
on is significantly lower than the pretest level, The mean shift in the ad 
direction for the results of all the $s pooled is 6.3 (+ 4.7) prism diopters. (Fi 
in parentheses represent 95% confidence-limits.) The null settings remain c 
sistently lower than the pretest level throughout the 42 days of the exposure. 

The data for the completely unfamiliar dot-targets follow a similar course, 
they do not become statistically significantly different from the pretest level 
the 30th day the prisms were worn. Although the mean value of the adaptive 


remains the same, the variability increases on subsequent tests resulted in insigt 
shifts. 
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Without spectacles (solid lines, unfilled circles) there is found approximately 
the same change in visual null, in this case away from the zero-compensation ex- 
pected before exposure to the prisms. This change is statistically confirmed on 
the first testing occasion, after 21 days of prism-exposure. The mean shift in the 
adaptive direction here is 5.4 (+ 1.6) prism diopters. 

(b) Spectacle-test. In principle, this test was the same as the variable prism- 
test, It was modeled on the traditional procedure for fitting corrective eyeglasses: 
the patient tries out lenses of various strengths until he finds one which makes a 
standard target look undistorted.’ In the presert study, $ removed his own spectacles 
and was given in random order a series of prisms mounted monocularly in spectacle- 
frames. Their strength varied in one-diopter steps from nine diopters with prism 
base in the same direction as $'s own prisms to nine diopters in the opposite direc- 
tion, In this test, the right and left eyes were tested separately with unfamiliar 
targets (dot-patterns). As in the variable prisms test, $ was asked to fixate the target, 
head up and down, and select a prism which yielded no distortion, This 
as administered on the 42nd day of prism-exposure. 

The results of this test also indicate a significant adaptation for random-dots, The 
mean prism-strength selected was 3.41 (+ 1:52) diopters, which is significantly 
different from the zero-setting which would be expected if no adaptation occurred. 

(c) Square-adjustment test. This test in contrast to the two previous tests involved 
adjustment of the targets. The $, with stationary head, adjusted four points on a 
vertical screen until they formed a square. The ratio of the lengths of the two 
vertical sides after $ put on his prisms served as an index of degree of distortion. 
Changes in this index toward unity as a function of prism-exposure measured 
adaptation, 

S was seated 71 cm, from a uniformly white vertical board, 107 cm, wide and 73 
cm. high. The board was draped with black cloth, giving it an irregular border, 
Small disk-magnets, which could be manipulated by E from behind the board, 
served as the points to be adjusted. The lower right-hand corner of the square was 
fixed. The width of the square also was fixed at 28 cm. by restricting the lower 
left-hand corner-point to move in a vertical track only. The upper left-hand corner- 
point was likewise restricted to horizontal movement. Except for these restrictions E 
moved the points at S's command until $ indicated a square had been formed, The 
position of S's head was fixed by a biteboard approximately 8 cm. to the left of the 
right-hand corner-point and 10 cm. above it. The Ss were tested with spectacles 
during the preéxposure period as well as periodically during the exposure-period. 
They were tested without spectacles during the preéxposure period and on the 
21st and 42nd day of the exposure-period. 

‘The results of this test are shown by the dotted lines in the section of Fig. 1 
entitled “Tilt Distortion" The data obtained with spectacles (filled circles) and 
those obtained without spectacles (unfilled circles) show a similar change. (The 
data for this test were, of course, originally in target- measurements; they were 
converted by photographic techniques to equivalent prism-strength.) Again the 
adaptation is statistically significant, the mean shift in adaptive direction. without 
spectacles is 11.4 + 1.5 diopters. One curious feature of these data is that the test 
With spectacles shows consistently less deformation here than is shown on the 
variable prism-test of shearing. It seems reasonable to suppose that the visible con- 


* We are indebted to Professor Ivo Kohler for suggesting this procedure. 
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text of the adjustable target, also deformed by the prism-spectacles, somehow 
reduced the apparent distortion. Without spectacles, prism-adjustment and target- 
adjustment show similar results for the distortion. 


(2) Stretching distortion. Adaptation to the distortion that is contingent 
upon change of lateral eye-position with respect to the head was measured 
by the variable prism test and the spectacle-test. 

The variable-prism and spectacle-tests were similar to the tests described 
above for the distortion of the vertical position of the eyes. The only dif- 
ference was that $ was asked to find a visual null while turning his head 
right to left rather than nodding up and down. All the other specifications 
of the test were identical. 


(a) Variable prism test. The results of this test using random targets are shown in 
the section of Fig. 1 entitled "Stretch Adaptation." While there is no evidence of 
adaptation to this distortion with the spectacles on (filled circles on graph), there 
is a significant change without spectacles, The variable test without spectacles 
showed a mean shift of 2.3 + 1.6 diopters on the 21st day of prism-exposure. 

(b) Spectacle-test. In this test with unfamiliar targets Ss selected a mean prism 
strength of 1.04 (+ .73) diopters, showing a slight but statistically significant adap- 
tation, Three $s were given a supplementary target-adjustment test to measure 
adaptation to the stretch-deformation. In this test, $ with head stationary viewed a 
luminous horizontal line in a dark room in the direction of the apex of his prism, 
and equated its length with a comparison-line viewed in the direction of the base 
of his prism. These three Ss showed consistent evidence of adaptation when mea- 
sured without spectacles, 


The most reasonable interpretation of these data on adaptation to stretch—dis- 
tortion seems to be that there was a small visual adaptation, which was reliably 
detected by one test but not by another; certainly it is true that the amounts of 
stretch adaptation as measured by different tests do not differ from each other reliably. 


(3) Effects of target-familiarity. The most direct comparison of target- 
familiarity is provided by the spectacle-series test. This test was given on 
the 42nd day of prism-exposure with familiar and unfamiliar targets, The 
former were ordinary objects in a large room; the latter were the random 
dot-patterns mentioned previously, The Ss showed 3.41 (= 1.52) diopters 
adaptation for shearing on unfamiliar targets, 3.04 (= 1.35) diopters adap- 
tation for familiar targets. On stretching the amount of adaptation was 
1.04 (+ .73) diopters for the unfamiliar targets and 1.13 (= 1.03) 
diopters for the familiar targets. There was obviously no real difference 
in adaptation measured for the familiar and unfamiliar targets. 


Discussion 


The results strongly indicate that a change occurred in the visual system 
during prism-exposure with the result that stationary horizontal lines ap- 
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peared to tilt when the head was nodded up and down. A similar, but 
smaller, adaptation was suggested for stretching during lateral head-move- 
ments. 

These after-effect deformations are similar to Gibson's after-effect of 
prism-curvature, as well as to Kóhler and Wallach's figural after-effects, in 
that they are opposite to the actual optical deformations experienced during 
the exposure-period.^ 

The more familiar after-effects are tied, however, to a fixed locus on 
the retina like color after-images. If a fixed locus is in any sense to be 
attributed to the gaze-contingent after-effects, it must be defined relative 
to the field determined by the brows and cheeks which the eyes explore by 


. turning in their sockets. Such a concept, similar to Helmholtz's sehfeld 


("scan-field") implies that the response-characteristics of the moving eye 
are modulated continuously by the eye's position in the orbit. 

These results are for the most part in direct agreement with Kohler's 
observations, the only major disagreement concerning the magnitude of the 
adaptations. Kohler suggests that almost complete adaptation took place, 
but none of our 5s approached complete adaptation, and the developmental 
curves of Fig. 1 do not suggest that further exposure would result in 
further adaptation. The adaptation for shearing was only 25-50%, and it 
was essentially complete after six days of prism-exposure. 

While our results strongly indicate that the adaptation is in the visual 
system and is reflected in a variety of response-measures, the detailed nature 
of the mechanism is not indicated in this study. A clue to the mechanism 
may be contained in the greater adaptation found to tilting or shearing than 
to stretching. Tilting was accompanied by vertical head- and eye-move- 
ments; stretching by horizontal movements. It may be that the vertical 
movements can affect the visual system more readily since they are associ- 
ated with a distinctive category of reflex.’ It may be, however, that the 
optical distortion of shearing is itself more susceptible to adaptation. 

The prisms used in this study induce other distortions which have not 
been discussed: curvature’ of vertical lines, chromatic fringes along vertical 
brightness-contours, and lateral displacement of visual-targets. Strictly 
speaking, these distortions also are gaze-contingent. Their magnitude varies 
slightly with direction of gaze through the prism. This variation is, how- 


"J. J. Gibson, Adaptation, after-effect, and contrast in the perception of curved 
lines, J. exper. Psychol, 16, 1933, 1-31; Wolfgang Köhler, and Hans Wallach, 
Figural after-effects: An investigation of visual processes, Proc, Amer. Phil. Soc., 
88, 1944, 269-357. 

a POE Alpern, Movements of the eyes, in Hugh Davson (ed.) The Eye, vol. 3, 
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ever, very small in comparison with the basic distortion itself. Ni 
less, in the present study supplementary tests indicated that adaptal 
contingent upon fixation occurred for the curvature-distortion, but 
the chromatic fringes and the lateral displacement. It is possible, of 
that such differential adaptation occurred for the chromatic fringes anı 
lateral displacement as well, but that the techniques of measurement s 
not sensitive enough to detect it. 


SUMMARY 


Adaptation to the gaze-contingent distortions produced by wedge-p! 
was measured. Attention was focused on the tilting or shearing asso 
with vertical head-eye movements and the stretching and compr 
associated with lateral head-eye movements. In the course of 42 days 
prism-exposure, small but statistically significant amounts of adaptal 
were shown for both these distortions by a variety of testing procedi 


THE EFFECTS OF GOAL-SETTING, RULE-LEARNING, AND 
KNOWLEDGE OF SCORE ON PERFORMANCE 


By EDWIN A. Locke and JuprrH F. BRYAN, 
American Institutes for Research, Washington Office 


Both Ammons, and Bilodeau and Bilodeau, have pointed out that, while 
knowledge of results has well substantiated effects in improving perform- 
ance, there are few theoretical principles that would predict or explain 

“the results obtained in any systematic fashion, Knowledge of one's 
over-all performance may affect motivation, but the specific mechanism is 
by no means clear. For example, a recent experiment by Chapanis demon- 
strated that by removing the "demand characteristics" inherent in most 
experimental settings (by convincing the Ss that they were performing a 
regular job rather than participating in an experiment) knowledge of per- 
formance was ineffective as an incentive.? 

An hypothesis of the present investigation was that one possible mecha- 
nism might be the setting of performance goals that could influence level 
of effort. In other words, without changing the knowledge of the correct- 
ness or incorrectness of the answers to each problem, the knowledge of 
total score on a trial or series of trials would influence the performance 
goals the individual set for himself. 

Previous studies demonstrating the relation of knowledge of total score to goal- 
Setting activity and performance are few in number, Mace found that on a target- 
aiming task when knowledge of total score was introduced performance improved 
immediately, and when such knowledge was withheld performance declined. All Ss 
had knowledge of the correctness of each throw from visual feedback. Mace claimed 
that the knowledge of results suggested appropriate performance standards to the Ss 
which resulted in a more sustained level of effort than was the case without them, 
Payne and Hauty gave some Ss knowledge of their total score in relation to 4 


* Received for publication September 20, 1965. Supported by Contract Nonr 
4792(00) with the Office of Naval Research. í 

R. B. Ammons, Effects of knowledge of performance; a survey and tentative 
theoretical formulation, J. gen. Psychol., 54, 1956, 279-299; E. A. Bilodeau and 
I, MD. Bilodeau, Motor-skills learning, in Ann, Rev, Psychol., 1961, 243-280. 

Alphonse Chapanis, Knowledge of performance as an incentive in itive, 
Monotonous tasks, J. appl. Psychol., 48, 1964, 263-267. On the use of the term 
demand characteristics,” see M. T. Orne, On the social psychology of the psycho- 
logical experiment with particular reference to demand characteristics, Amer. Psy- 
chologist, 17, 1962, 776-783. 

C. A. Mace, Incentives; Some experimental studies, Indus. Health Res. B4. 
(Great Britain), Report No. 72, 1935. 
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standard! These Ss were told that the standard represented the typical performance 
“of subjects like you,” but actually it was one standard deviation above this point 
(so that $ would be expected to beat it only 16% of the time). These Ss performed 
at a significantly higher level than Ss given no such knowledge of score. Although 
the Ss given knowledge in relation to a standard were not told explicitly to try 
to beat the standard, the implication was clear that they should.’ Church and 
Camp gave some Ss signal lights on a reaction-time task to indicate whether or not 
they had beaten a score based on their own previous performance and found that 
these Ss improved their reaction-times more than Ss given no such knowledge? 
Again, the information was given in relation to a standard, rather than in terms of raw 
scores, and this may explain its effectiveness. Finally, Fryer found that having $ 
set performance-goals (levels of aspiration) before each trial led to a higher learning 
rate on a Morse Code task than giving knowledge of score at the end of each trial 
alone.” Locke found, upon analysis of these data, that this finding was dependent 
upon the level at which the goals were set. The Ss who set high goals performed 
better than the Ss with knowledge alone; those who set low goals did not. 


If it is true that knowledge of score is effective because it influences the 
setting of goals, then we would expect that Ss’ goals set spontaneously on 
the basis of such knowledge would be systematically related to Ss’ perform- 
ance, whereas there should be no effect independent of the effect on goals. 
The present experiment was designed to explore this hypothesis, A sec- 
ond purpose of the experiment was to compare performance undet what- 
ever goals were set by S given varying knowledge of results with perform- 
ance under conditions where a hard standard of performance was given 
by instructions. Previous work by Locke, and Locke and Bryan, suggested 
that the latter would yield a higher level of performance than other goals 
that Ss might pursue, such as "do as well as possible" or quantitatively 
lower goals.? 

A third purpose of this study was to determine the effect of another 
cognitive component — the learning of rules relevant to the task — on 
performance. Haygood and Bourne have shown previously that learning 
of rules improves performance on a task requiring concept formation.” 


*R. B. Payne and G. T. Hauty, Effect of hologi dback upon work 
decrement, J. exp. Psychol., 50, 1935. 342.351. eal edi" E 
à Personal communication. 

R. M. Church and D. S. Camp, Change in reaction time as a function of knowl- 
edge of results, this JOURNAL, 78, 1965, 102-106. 

,E. W. Fryer, An Evaluation of Level of Aspiration as a Training Procedure, 1964. 

E. A. Locke, A closer look at level of aspiration as a training procedure: a re- 
analysis of Fryer's data, J. appl. Psychol, 1966 (in press). 

E. A. Locke, The relationship of intentions to level of performance, J., appl. 
Psychol, 50, 1966, 60-66; E. A. Locke and J. F. Bryan, Cognitive aspects of psycho- 
motor performance: The effects of performance goals on level of performance, 
appl. Psychol., 1966 (in press). 

R. C. Haygood and L. E. Bourne, Jr., Attribute and rule-learning aspects of 
conceptual behavior, Psychol. Rev., 72, 1965, 176-195. 
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Similar studies in the area of verbal learning have shown that awareness 
of the rule E uses to reinforce $ results in an immediate and marked per- 
formance gain.!! The present investigators explored the generality of these 
findings with a different task and with a far more complex rule than has 
been used in previous studies. 


Method: (1) Task. The task was the Complex Computation task used previously 
by Mace." § is presented with a series of four-digit numbers. For each one he must 
perform a series of operations according to certain rules and come out with the 
answer, performing all the operations in his head (only the answer is written) ^ 
The task requires intense concentration and shows considerable learning. 

The Ss were given two 2-min. practice-trials on the task followed by 6 experi- 
mental trials of 10 min, each, There was one work sheet for each experimental trial 

` containing 144 different problems. 

(2) Subjects. The Ss were 70 University of Maryland students, 43 men and 27 
women, who responded to a college newspaper advertisement offering money for 
participation. 

(3) Conditions. There were three experimental conditions to which the Ss were 
assigned at random, The first group of 26 Ss were given specific instructions that 
imposed a hard performance standard to aim for on each experimental trial. This 
we shall call the STD Group. The standard was set by adding 15 to the highest 
number correct attained on any previous trial. The second group, of 25 Ss, had 
knowledge of their total performance, They computed the total number of problems 
they each got correct at the end of each trial and wrote that number at the bottom 
of the page. This is designated the KR Group. Finally, 19 Ss did not compute their 
total score and were explicitly told to refrain from trying to count the number 
correct. This is labeled the No KR Group. Both of the latter groups were told to 
"do their best" on each trial, 


All Ss were given knowledge of the correctness of each answer, since at the end ` 


of each trial E read off the correct answers to each problem. In addition; the STD 
and KR Groups kept track of their scores by circling each correct answer and totaling 
thêm up. In the No KR Group, the Ss did not circle their correct answers or total 
them; they simply followed E as he read the answers by looking at their own answers, 
Of coürse, these Ss did obtain knowledge of their total performance implicitly, but 
such knowledge could not be very precise. 

(4) Procedure. Each $ was given a 3 X 5-in. index card with the formula for the 
computation on it to which he could refer at will. The formula was explained and" 
three sample problems were done by E, step by step. Then, all the $s worked on 
two 2-min. practice-trials doing "as many as they could." The correct answers were 
given after each trial. 


_ “C.D. Spielberger, Theoretical and epistemological issues in verbal conditioning, 
in a Rosenberg (ed.), Directions in psycholinguistics, 1965, 149-200. 
Loc. cit. 

_, "Call the four digits A, B, C, and D. If A is greater than B, multiply A jl B; 
if A is less than B, add A to B. If C is odd, multiply C by D; if C is even, a id. C 
to D. If both of the previous operations were the same (i.e. both add or both 
multiply), subtract the first result from the second; if the two previous operations 
were different (ie, multiply and add or vice versa) subtract the second result from 
the first. Write the answer." 


w 
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At this point the STD Group computed the total number of problems correct 
on the second practice-trial, set the standard for the experimental Trial 1, and 
wrote that standard at the bottom of the work sheet for Trial 1. The KR Group 
simply computed the total correct on the practice trial and wrote this number at the 
bottom of the page. The No-KR Group did nothing. This same procedure was 
followed for each of the subsequent 6 experimental trials, The time between trials 
ranged from 4 to 7 min. and was the same for all the Ss, d 

At the end of Trial 6 all the $s were asked to describe their performance goals 
in detail. Sample goals, such as "tried to do my best," "tried to improve each time,“ 
"had no goals," were given in each case to make the meaning of the question clear. 
In addition, the $s of the No KR Group were asked to what degree they had knowl- 
edge of their number correct on each trial during the experiment. All the Ss were 
asked if they had been able to completely memorize the computation formula and, 


if so, by what trial. D 


Resulis: (1) Analysis by experimental conditions, The first analysis was 
done using the experimental groups as units. The experimenters re-scored 
all protocols for the STD and KR Groups in addition to scoring the No — 
KR protocols. The measure used was the total number of problems solved — 
correctly on the six experimental trials. There were no significant differ- 
ences among the three experimental groups on this measure. 

The No-KR Group was broken down on the basis of their responses 
to the post-experimental question asking them how much knowledge they 
had about their scores. The Ss were divided into two groups: those who 
had a “fair or good” idea of how well they were doing and those who 
had a “very rough idea” or “no idea” of how well they were doing. There 
was no significant difference between the mean number correct of these two 
groups. Thus, without taking account of S's goals, there appeared to be no 
effect of knowledge of score on performance. 

(2) Analysis by goals. The post-experimental description of goals was 
used to classify Ss into homogeneous groups. The 5 Ss in the STD condi- 
tion who indicated they were trying to reach the goals set by E were classi- 
fied as Standard. The remaining Ss fell into three groups: (4) Improved: 
the Ss in this group indicated that their main goal during the experiment 
was to improve over their best previous score or to improve as they went 
along. A few mentioned trying to improve by a specific amount (e.g. 5 
points); most did not, None indicated he was trying to improve by as 
much as the 15 points required of the Standard Ss. (b) Do Best: the Ss in this 
group who indicated that they were predominantly trying to "do their best" 
or "do as many as possible" and did not mention trying for any specific 
standard; several said explicitly that they paid no attention to their pre- 
vious scores, (c) Other (low motivation) : all the remaining Ss were put 
into this residual group. They were trying less hard on the whole than those 
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in other groups. Some tried for awhile to do their best and then relapsed. 
Others were trying for accuracy only, and still others listed three or four 
different goals on different trials, 

The present investigators first developed the categories together, wrote 
descriptions of them, and reclassified all the Ss, using the descriptions (with 
only two or three disagreements). To check on the reliability of this classi- 
fication, a naive ‘rater’ was given the descriptions of the four categories and 
told to classify the Ss from what each sald was his goal. This rater agreed 
initially with the experimenters’ classifications of 57 of the 70 protocols. 
Eight of the 13 disagreements were due to his inability to understand S's 


TABLE I 
PERFORMANCE AS A FUNCTION OF EXPERIMENTAL TREATMENT 
AND OF STATED GOALS 
Each Score Is Mean Total Problems Correctly Completed in 6 Experimental Trials. 
Experimental treatment 


STD KR No KR Total 
Stated Goal N score N score N score N score 
Standard 5.438252 5. 3522 
Improved. 11 190.5 9 251.1 4 1545 24 207.2 
Do Best 6 249.8 5 276.2 6 256.8 17 200.1 
Other 4 211.8 11 204.8 9 174.6 24 194,6 
Total 26 238.5 25 235.8 19 196.3 70 226.1 

Improvement Do Best Other 

Standard 3.41 1.99 4.23 

Improvement 1.82 «1 
Do Best 2,43 


statements, not being familiar enough with the experimental design and 
task to interpret the protocols. When the design and task were explained, 
he classified them as the Es did. This left only 5 of the 70 that the ‘rater’ 
could not classify. The two Es reéxamined these and classified them, It 
appeared at this point that further reliability checks would not prove fruit- 
ful as most of the goal descriptions were easy to classify. 

(3) Relationship of goals to performance. Table 1 shows the number 
of Ss in each experimental condition who were placed in each goal classifi- 
cation and the mean number of problems solved correctly for each sub- 
group. The Standard Ss showed the highest performance level; the Do Best 
Ss, the next highest, were followed by the Improvement and the Other 
5s. This means each of these sub-groups is fairly consistent across the 
different experimental conditions. 


For purposes of analysis, the sub-groups with similar goals were combined across 
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experimental conditions and the totals shown in the last column. To test for differ- 
ences in initial ability, an F-test was done on the scores for the two practice trials 
of these groups. The F was not significant, indicating there were no over-all differ- 
ences in initial ability. The total scores during the experimental trials, however, tell 
a different story. The over-all F-ratio on the total performance scores of the four 
groups was 5.99 (p « 0.01). Excluding the Standard group and computing the F- 
value only for the Improvement, Do Best, and Other groups gives a value of 3.07 
(P < 0.06). When tests were performed to test the differences between the 
group-means, the values shown at the bottom of Table I were obtained. 

The difference between the Standard and the remaining three groups is sub- 
stantial, suggesting that trying for a hard standard will lead to a higher level of 
performance than will the type of goal ordinarily set if S is just given knowledge of 
his results. As an indication of the relative difficulty of the goals that the Standard 
and Improved groups set for themselves, the Standard Ss were able to beat their 
goal only 13% of the time, whereas the Improvement Ss were able to beat their stan- 
dards (Ze. their best previous score) 70% of the time. Since previous experiments 
have shown difficulty of the goal to be positively related to level of performance by 
the Ss who accept the goals, the reason for the difference between the two groups 
in this case seems clear, Unfortunately, similar estimates of difficulty could not be 
made for the Do Best or Other groups. 


(3) Effect of memorizing formula. At the end of the experiment, the 
Ss were also asked: (1) whether they had memorized the computation 
formula before the end of the experiment; and (2) if so, by what 
trial they had memorized it. It was thought that memorization of the rule 
would facilitate performance since the Ss would not have to keep referring 
to the card all the time and thus take their eyes off the problem at hand and 
loss concentration. Upon the basis of their reports, the Ss were reclassified 
into four groups: Group 1, memorized by Trial 1-2, (N = 17); Group 2, 
memorized by Trial 3-4, (N = 28); Group 3, memorized by Trial 5-6, 
(N = 12); Group 4, did not memorize, (N = 12). One $ was dropped 
from the analysis because he failed to report upon this point. 

Since there were significant differences among the means of these groups 
on the practice trials, an analysis of covariance was used in determining the 
effect of memorization on later performance. The over-all F, corrected for 
the level of initial ability, was 5.47, which is significant at the 0.01 level. 
The trend of the result was as expected; the earlier Ss memorized the for- 
mula, the better their total performance. 

In addition, linear slope-scores were computed for each 5 for each ex- 
perimental segment, and a significant interaction (p < 0.01) was found 
between trial on which memorization occurred and the slope-score attained 
on each segment. The most rapid rate of improvement occurred during 
that segment in which S first memorized the formula. 

Finally, Table II shows the Pearson product-moment correlations among 
the measures of initial ability, goal, memory, and total performance. The 
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‘goals’ were coded: Standard = 3; Do Best = 2; Improvement and Other 
= 1; and the ‘memorization’-groups were coded: Trials 1 and 2 = 3; Trial 
3 and 4 = 2; Trials 5 and 6 = 1; and Not at all = 0. The multiple cor- 
relation of all three predictors with total performance was 0.74 (p < 0.01). 
The correlation of goals with performance with the effects of initial skill 
and memorization group partialled out is 0.27 (p < 0.05); the correlation 
of memorization group with performance controlling for initial skill and 


TABLE II 


CORRELATION AMONG INITIAL ÂBILITY, GOAL MEMORIZATION GROUP, AND 
"TOTAL PERFORMANCE MEASURES 


(N69) 
Memorization Total 
Goal Group Performance 
Practice score .26* -37t „64t 
Goal — „36t AST 
Memorization group ym. uu -53t 


* p<0.05. tp«0.0t. 


goal is 0.33 (p < 0.01), suggesting both measures contributed indepen- 
dently to the overall prediction. 


DISCUSSION AND SUMMARY 


It appears that giving 5s knowledge of total score under the conditions 
of our experiment does not result in any automatic gain in performance 
Rather, our results suggest that it is what $ does with that knowledge, 
Ae. what kinds of performance goals he sets with it that is important. 

Of considerable interest in the present experiment was the finding that 
setting a determinate and hard performance standard resulted in consider- 
ably higher performance than did other types of goals. This replicates a 
similar finding by Mace using a simpler computational task than the one 
used here and with 12-yr. old boys as Ss, as well as an earlier study by the 
Present authors using a psychomotor task. The Ss perform at a higher level 
if given very hard goals and if they accept those goals than if they try merely 
to “do their best.” 

The effect of learning the rule in the performance of our complex task 
was shown to be considerable, The earlier Ss were able to memorize the 
tule, the better their performance. In addition, their performance improved 
most rapidly during the segment on which they first memorized the rule. 

Finally, it was shown that initial skill, learning of the rule, and motiva- 
tion, as measured by type of goal, made independent contributions to the 
Prediction of over-all performance. In the present case, nearly 55% of the 
Variation in performance was accounted for by these three measures. 


ANCHOR-EFFECIS IN PITCH-LOCALIZATION 


By EuGENE D. RuBIN, MARK E. WARE, and Harry HELSON, 
Kansas State University 


Evidence that high pitches are localized higher in space than low pitches 
was first presented by Pratt, who stated that "prior to any associative addi- 
tion there exists in every tone an intrinsic spatial character which leads 
directly to the recognition of differences in height . . . along the pitch E 
continuum,"* Since his pitches were an octave apart, and there were no 
inversions in the ordering of the tones, the evidence was very strong, espe- — 
cially since the octave in which a tone lies is often confused with other 
octaves. 


It was not until nearly thirty years later that Pedley and Harper attempted to 
settle whether pitches are associated with a particular height in space or are subject 
to series-effects,? i.e, are localized absolutely or relative to other pitches. To test if 
position in a pitch-series would affect perceived height, these workers presented Qs. — 
with three series of seven pitches in each of which two were the same, viz. 900 and 
1400. In one series, they were the top members, in the second, they were the middle 
members, and in the third, they were the lowest members, The results were clear: 
when at the top of the series, the two pitches were localized a little above 5 on a 1-7 
scale; when in the middle, they were localized about 4; and at the bottom of the 
series, they were localized a little over 3. 


In this study, we seek to determine if localization in space of pitches is 
subject to anchor- as well as context-effects, as predicted from adaptation- 
level theory? We hypothesized a low anchor should raise and a high — 
anchor should lower perceived height of series-tones as compared with 
their positions when no anchor is employed. Two experiments were pet- 
formed and will be reported to show that apparently minor differences in 
conditions may affect the results in this atea of investigation. 


* Received for publication May 20, 1965. This study was rted in part by the 
oaa ed pet er fea TES Nonr 3634(01) S Kansas ate UE 
versity and in par! ublic Health Service Traini: - 2 
National Institute of Mental Health. RE ee y 
i uh The spatial characters of high and low tones, J. exp. Psychol, 18, — 

* P. E. Pedley and R. S. Harper, Pitch a i ue d, this 
Jopts, T 2959. 449-40, tp i nd the vertical localization of sound, ) 

arry Helson, Adaptation-Level Theory: A, 4 tic Ap- 
BIG BEMUT DeLee eory: An Experimental and Systematic Ap: Ë 
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EXPERIMENT I 


Observers. 'The Os were 10 undergraduate men and women selected from intro- 
ductory courses in Psychology. 

Apparatus. The study was conducted in a small room, 8 X 3 X 13 ft. An audio 
frequency oscillator connected in series with an interval-timer provided the series- 
and anchor-tones. The output of the oscillator was fed to two speakers connected 
in phase and mounted behind a black cloth screen 3 ft. wide, reaching from the 
floor to the ceiling 1 ft. in front of the wall. On the screen was a white vertical 
strip 4 in. wide, marked with the numbers 1 through 7 at 1-ft. intervals from bottom 
to top; number 1 was located at 1 ft. from the floor. In addition, the scale was 
marked at 3-in. intervals between the numbers to aid the Os in making more accurate 
estimates of the positions of the tones. The speakers were placed behind numbers 
1 and 7, and wires were led to positions where speakers would have to be if there 
were seven rather than two speakers behind the screen. 

Procedure. There were three conditions: (1) in the control (C) condition, only 
the five tones consisting of 250, 375, 562, 844, and 1265 c.p.s. were presented; 
(2) in the high anchor (HA) condition, a tone of 2000 c.p.s. was presented before 
each of the series-stimuli; and (3) in the low anchor (LA) condition, a tone of 80 
c.p.s. preceded the series-stimuli. The C-condition was always presented first, followed 
by either the HA- or LA-conditions, counterbalanced across the Os. Each O observed 
in all conditions. 

O sat in a chair 10 ft. from the screen, with head-level with number 4 on the 
scale, He was provided with pencil and answer-sheet on which his judgments were 
recorded, 

All tones were equated for loudness according to equal loudness contours for 
pitch as given in Chapanis, Garner, and Morgan.‘ Each tone was presented for 1.5 
sec. with a 5-sec. rest-period between tones and a 1-min. rest-period between con- 
ditions. In the HA- and LA-conditions, there was a 3-sec. interval between the 
anchor and the series-tones, with the anchor always presented first. 

O was told there were seven small speakers behind the screen, one behind each of 
the numbers, and that several tones would be presented randomly through these 
Speakers. He was asked to record the number posted in front of the speaker from 
which each tone came. If the tone seemed to be between numbers on the scale, he 
was to record exactly where it seemed to come (e.g. 4⁄2, 61⁄4, etc.). In the anchor- 
conditions, O was told he would hear a tone immediately followed by another, but 
that he was to record only the position of the second tone. A ready signal was given 
before each tone, and before the sequence of two tones in the anchor-conditions. 

Each O made practice-judgments until he felt confident that he could locate the 
position of the tones on the scale. The 5 tones were then presented randomly 5 
times making 25 reports by each O in each of the conditions. The data, therefore, 
are based on a total of 750 observations (10 Os X 25 judgments X 3 conditions). 


Results. The results were combined and averaged for each condition. 
In the H A-condition, the anchor had a clear effect upon the series-tones; 
all tones were localized below the control localizations when no anchor 


“Alphonse Chapanis, W. R. Garner, and C. T. Morgan, Applied Experimental 
Psychology, 1949, 199. 
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was employed. The LA-condition, however, appeared to have had no effect 
on the series-tones as the LA- and C-curves crossed four times. 

An analysis of variance showed that there’ was a significant difference 
between stimuli, F (df 4, 36) = 20.31, P < 0.01, and between conditions, 
F, (df 2, 18) = 1.47, P < 0.05. The significant difference between stim- 
ulus-series shows that the stimulus-tones were judged as being at different 
heights on the scale: as the tones increased in pitch, they were judged 
higher on the scale, The significant effects between conditions show that 
the anchors did affect the series-tones, but this must be ascribed to the 
HA-condition in view of its clear separation from the control condition 
and not to the LA-condition, The difference between the mean of the 
C-condition and the mean of the HA-condition was 0.615, F (df 1, 18) = 
15.846. P < 0.01. The high anchor pushed the. judgments of the series 
tones down an average of about 7.4 in. on the scale. The difference be- 
tween means of the C- and LA-conditions was 0.053 (not significant). 
The LA-condition pushed the series tones up an average of only a little 
over 0.5 in. on the scale. The significant interaction between stimuli and 
conditions shows that the stimuli were differentially affected by the anchors 
in accordance with the usual repulsion-effects of anchors. 

Discussion. The analysis of variance supported the prediction that the 
high anchor would lower judgments of vertical location, but did not sup- 
port the prediction that the low anchor would raise the judgments. The 
ineffectiveness of the low anchor upon the series members must be at- 
tributed to a number of factors, It appears that the low anchor, far below 
the series-stimuli, was perceived as being somewhat unrelated to them. 
Another reason why the LA-condition was ineffective may have been that 
the equal loudness curves, used in calibrating the stimuli, were not appro- 
priate for the experimental room, thus creating inequalities in the loud- 
ness of the tones. 

EXPERIMENT II 


A second experiment was therefore performed in view of the clear-cut 
anchor effect of the HA-condition, not only to verify the initial hypotheses 
of this study, but also to gain an understanding, if possible, of why the 
LA-condition failed to yield significant effects, 


Observers. Twelve undergraduate women were recruited during a summer session 
from the introductory classes in Psychology. 

Apparatus. A larger room (17 X 13 X 13 ft.) was used for the experiment. All 
other apparatus was identical with that of Experiment I, except for three changes. 
An electronic switch was introduced into the circuit to eliminate clicks which may 
occur at the onset and offset of the tones. It was found that some Os reported that 


ANCHOR-EFFECTS IN PITCH-LOCALIZATION 461 


these clicks appeared to shift the location of the tones. Two oscillators were used, 
one for the series-tones and one for the anchor-tones along with two attenuator 
pads for equating loudness. The wires that led to supposed oscillators behind the 
seven numbers on the scale were also removed, 

Procedure. Several important changes were also introduced in the procedure. The 
series of tones was the same as in Experiment I, except that the LA-condition was 
moved up from 80 to 158 c.p.s., making it the same distance on a geometric scale as 
far below the lowest tone of the series as the HA-condition was above the highest 
tone. 2 

Each O still served across all conditions, but in this case, all conditions were 
counterbalanced across all the Os. In this experiment, however, each O observed 
under only one condition per day, the three conditions, C, HA, and LA being given 
on successive days. 

The presentation order of the tones was a 5 X 5 Latin square presented two 
times in succession, Every tone was therefore judged 10 times under each of the 
3 conditions. The data are therefore based on a total of 1800 observations (12 Os 
X 5 tones X 10 observations X 3 conditions). 

A short pilot study was run in order to equalize the loudness of the tones in the 
new room where the second study was conducted. All tones were equated in loudness 
to the middle tone (562 c.p.s.) using the method of limits. 

The instructions emphasized the fact that this was purely a judgmental task, and 
that there were no right or wrong answers. The Os were encouraged to use the 
entire scale, and, if they wished, to use numbers above or below the scale (numbers 
greater than 7 or less than 1). They were only told that the speakers were behind the 
screen to counteract any preconceived ideas as to where the tones came from, They 
were also instructed to make verbal reports of the locations of the tones, It was 
emphasized that they were to keep their heads steady and turned toward the scale 
while the tones were being presented. 


Results, The data of this experiment are graphically illustrated in Fig. 1. 
In this experiment, the low as well as the high anchor had significant 
effects on localization of the series-tones. The conditions were found to 
be significantly different in the analysis of variance, F (df 2, 100) = 
58.35, P < 0.01, and, in the same analysis corrected for residual effects," 
F (df 2, 4) = 11.984, P < 0.025. Multiple comparisons indicated that 
both LA vs. C and HA vs. C were significantly different. 

Once again, the toneswere judged as being at significantly different places 
on the scale, F (df 4, 100) — 255.30, P « 0.01. Particular sequence, 
practice effect (P), and all interactions were statistically not significant. 
The adjusted residual effects were also not significant. 

When the tone component (T) and the tones X conditions (T) X (€) 
interaction were analyzed, there was a significant linear tone component, 


* W. G. Cochran and G. Cox, Experimental Designs, 1959, 133-138. At this point 
we wish to acknowledge with thanks aid in the statistical analysis of the data given 
by Professor Sam C. Brown of Kansas State University. 


462 RUBIN, WARE, AND HELSON 


F (df 1, 124) = 756.91, P < 0.01 and a significant T X C linear com- 
ponent, F (df 2, 124) = 3.32, P < 0.05, indicating that, while all three 
curves were statistically linear, the slopes of the curves were significantly 

different. All other components were not significant. 


Discussion. The results support the original hypotheses that anchors 
would shift the judgments of the vertical location of pitch. Both high and 


JUDGMENT 


; / 250 375 562 844 1265 


SERIES — STIMULI (cps) 


FIG. 1. JUDGMENTS OF HEIGHTS OF TONES AS A FUNCTION OF ANCHOR BELOW 
(LA) AND ABOVE (HA) THE SERIES TONES 
In the Control (C) condition the series-tones were judged without anchor-tones. 


low anchors shifted localization. of pitches significantly. Furthermore, 
the hypothesis that contrast effects would occur with both the HA- and 
LA-conditions was borne out statistically. From Fig. 1, it can be seen that 
the tones which were affected most by each anchor were those closest to 
the anchor, as has been found with lifted-weights and in vision. 

The second study has shown that judgments of height of pitches are 


ANCHOR-EFFECTS IN PITCH-LOCALIZATION 463 


affected by factors which, if not controlled, can hide anchoring effects. 
Such factors as toom size, reverberation time, absorbent qualities of the 
walls, background noise, which may mask certain tones, unequal loudness, 
insufficient number of observations, and instructional set may affect the 
judgmental process. For example, a pilot study was run for the second 
experiment in a special sound absorbent and shielded room. It was hoped 
that this would reduce any background noise which might influence judg- 
ments; but it turned out that the sound absorbent tile appeared to have 
reduced the effect of the higher tones, especially the high anchor, which 
was previously effective in the room used in the first study. 


SUMMARY AND CONCLUSIONS 


"Typical anchor effects were found in pitch-localization: an anchor be- 
low the series-pitches displaced them upward, and an anchor above the 
series pitches displaced them downward with the maximal shifts occurring 
in series-stimuli nearest the anchors in accordance with the usual anchor- 
effects. It thus appears that pitch, supposedly a metathetic dimension, 
yields effects similar to loudness, a prothetic dimension, so far as locali- 
zation is concerned, While it may be claimed that ‘height’ is not a meta- 
thetic dimension, Christman showed that satiating tones lower in pitch 
cause an upward displacement in perceived pitch, and higher satiating 
tones cause a downward displacement in perceived pitch.^ Whether the 
anchor-effects found in this study result from apparent position of the 
anchors relative to that of the series-tones or from their effects on the 
pitch of the series-tones, or both, can only be answered by further experi- 
mentation. It thus appears that no distinction can be made between so- 
called metathetic and prothetic continua, so far as series- and anchor- 
effects in perception of pitch and apparent position in space are concerned, 
Furthermore, series- and anchor-effects appear to be the same with respect 
to pitch as they are in perception of loudness, brightness, and tactile- 
kinesthetic qualities. 


E — 
* R. J. Christman, Shifts in pitch as a function of prolonged stimulation with pure 
tones, this JouRNAL, 67, 1954, 484-491. 


THE EFFECT OF PRACTICE ON THE SPEED AND ACCURA 
OF EQUIDISTANCE-SETTINGS 


By ALFRED Lir and W. M. Vicars, Southern Illinois University —— 


tice.! 
The specification and control of practice have been a persistent task 
classical psychophysics, and the early experiments in this area have yiel 
quantitative data on this problem.* Military interest in the effects of trai ; 
ing on depth-discrimination also has generated a considerable number o 
experimental studies. These studies reveal that practice typically leads t 
no systematic change in mean position of equidistance-settings. Response 
variability, however, decreases to a low value with extended practice, j 
experimental studies were found in which the speed of equidistance-settings” 
was measured as a function of practice, Accordingly, the present study was 
designed to yield quantitative data on both the speed and accuracy of 
equidistance-settings obtained from two inexperienced $s during an ex 
tended training period. : 


* Recei 
Sci 


or training, Psychol. Bull., 50, 19; 
wh ERE 1 i Psychol, d 1963, 29-56. m^ " 
SNC 5 'rimenta i: e] psica k : 
Paye bol, 17, 1929; 1-86. expe: comparison of psychophysical methods, Arei e 


See, for example, A. H. Holway, D. A. 
E Warren, qs 3 B. Cook, Pastors j^ 
in free space and in telescopi 
to the Services Number 100, 
Willard, Jt, C. A. Bancroft and J. 


Stereoscopic range-finder trainer, Human ce, Technical Report 
12, Oct. 1954, 1-18; H. A simplified method for 
rating the performance oi 


Research Office, Technical Report 34, 
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APPARATUS AND PROCEDURE 


'The apparatus used to obtain the data has been fully described and illustrated in 
earlier reports.’ It is essentially similar to the two-rod test device known as the 
Howard-Dolman apparatus. 

"The standard (stationary) target is a black vertical rod, .32 cm. in diameter, which 
is located at a distance of 100 cm. in the upper half of 5's visual field and is laterally 
displaced 1.3 cm (= 0.75°) to the right of his median plane. The comparison 
(fixation) target is a similar vertical rod located in the lower half of S's visual field 
and is movable to and from $ in the median plane. The bottom end of the upper 
rod and the top end of the lower rod touch a horizontal plane through the eyes of $. 
S is seated in a dark room and binocularly observes the targets through a pair of 
circular artificial pupils 2.5 mm, in diameter, Uniform background illumination 
(0.71 log troland) is provided by a lightbox located 250 cm. from S. 

Two inexperienced undergraduate students with normal vision served as paid $s. 
In equating the apparent distance to the rods, $ is required to fixate continuously on 
the top end of the lower rod and adjust this rod back and forth, using a ‘bracketing’ 
procedure, until it appears to lie in the same frontal plane as the upper standard 
rod, 

The total training period was divided into two phases: an initial period con- 
sisting of approximately 18 experimental sessions and a terminal period consisting 
of about 10 experimental sessions. Five weeks separated the two training phases, 

Each experimental session lasted approximately for 2 br. Following a 30-min. 
period of dark-adaptation, $ was allowed to make as many groups of 20 consecutive 
equidistance settings as he could achieve within the remaining 1.5 hr. On the 
average, about five groups of 20 equidistance-settings were obtained from each $ 
during a single experimental session. $ was not aware of the fact that the time for 
making each equidistance setting was being measured. "The instructions which were 
given emphasized only the need for accuracy of setting. The response-time for each 
equidistance setting began when the fixation-rod was adjusted by $ to reach a 
position 10 cm. either in front of or behind the standard rod, depending on the 
direction of initial displacement, The response-time ended when $ signalled the 
completion of his equidistance setting. 

"The mean and average deviation of each group of 20 settings was calculated 
using the linear distance from S. These values have been converted into a difference. 
between the angular separation of the rods in one eye and the angular separation in 
the other eye^ These were averaged further for 10 blocks of 20 settings, as will 
be made clear below. 

A corresponding procedure was used for the response times, In this case, the 
medians were determined for the time of the block of 20 settings, and the average 
deviation was determined within each block around the median response time, 


* Alfred Lit and Aaron Hyman, The magnitude of the Pulfrich stereophenomenon 
as a function of distance of xen. Amer. J. Optom., 28, 1951 564-580; Alfred 
Lit, Magnitude of the Pulfrich stereophenomenon as a function of targa thickness, 
J. opt. Soc, Amer., 50, 1960, 321-327; The magnitude of the Pulfrich stereophe- 
nomenon as a function of target velocity, J. exp. Psychol, 59, 1960, 165-175, See 
We UE ^ Howard, A test for the judgment of distance, Amer. J. Ophibal,, 48, 

, 461-474. 

* C. H. Graham, Visual perception, in S. S. Stevens, (ed.), Handbook of Experi- 

mental Psychology, 1951, 888. 
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RESULTS 


(1) Effects of practice. The experimental results on the effects of pi 
tice on the accuracy of equidistance-settings are presented in Fig. 1. 
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Fic. 1. EFFECTS OF PRACTICE 
ON THE SPEED AND ACCURACY OF EQUIDISTANCE SETTINGS. 


Data for two Ss are shown for both the initial period (open 
: ) s symbols) and 
terminal period (solid Symbols) of practice for id of ime 
magnitude of the constant error, in sec. of arc, and of the threshold as 4 
measured by the average deviation, are each shown as a function of prac 
tice. Each data point is based on a block of 200 settings, 7.e. on the mean - 
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of 10 successive groups of 20 equidistance settings. For the threshold 
values, the mean is that of the average deviations within each group of 20 
as described above. 

From Fig. 1 it can be seen that each S initially exhibited a negative angu- 
lar constant error (variable nearer to $ than standard) which gradually 
reduced to zero as practice progressed through both phases of the experi- 
ment. 

One S, (A.F.), gave threshold values that remained relatively low (about 
14 sec. of arc) throughout both the initial and terminal phases of practice. 
For the other S, (H.G.), the threshold, that is, the mean average deviation, 
rapidly decreased from an initially high value of 22 sec. of arc to a final 
low value of 11 sec. of arc after only about 600 settings. 

The experimental results on the effects of practice on the speed of equi- 
distance settings are presented in lower half of Fig. 1. The median response 
time and that of the variability (average deviation) of the response times 
T are shown as a function of practice for each S. Each data point for 
median time is based on the average of the medians obtained for each of 
the 10 groups of settings. Similarly, the average deviations were averaged 
for the same 10 groups of 20 settings. 

From this figure it is evident that, for both Ss, both the median and its 
variability remained relatively constant throughout the experiment, The 
variability of H.G.'s times increased slightly from an initial value of 2 sec. 
to a final value of about 4.5 sec. A.F.'s time-variability was approximately 
constant for the entire experiment at about 2 sec. 

(2) Intercorrelations among response-variables. Product-moment corre- 
lation coefficients (r) were calculated to determine the relationships exist- 
ing among the four response-variables for each $ during both the initial 
and terminal phases of practice. The correlation between the constant error 
and its corresponding response-time was essentially zero in all cases except 
for the initial practice-period for H.G. Here, r was +0.17. The grouped 
data similarly showed that no consistent relationship exists between the 
speed and accuracy of settings. The data revealed a slight but significant 
relationship between the constant error of the grouped settings and the 
corresponding variable error for A.F. (r — --0.19) for data obtained in 
the initial practice period and a slightly greater correlation (r = +0.40) 
for data in the terminal period. As expected, a moderate positive correla- 
tion was obtained between median response time and its variability (r — 
+0.60). 

(3) Frequency-distributions of settings and response-times. The fre- 
quency-distribution polygons of the equidistance-settings and their response 
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times are presented in Fig. 2. The data for the first 1000 and the 
1000 responses are plotted separately in each case. It can be seen that 
of the eight curves is essentially unimodal, fairly symmetrical, but sot 
what leptokurtic. 


SUMMARY 


Two inexperienced Ss each made about 3,000 settings in a two-to 


OBS: AF 
FIRST 1000 eee 
LAST 1000 «x- 


EQUIDISTANCE SETTING (CM) RESPONSE-TIME (SEC) 


Fic, 2. FREQUENCY-DISTRIBUTIONS OBTAINED FROM Two Ss 
ON THE First 1,000 AND LAST 1,000 EQUIDISTANCE SETTINGS 
Standard target located at a distance of 100 cm. 


The results show that the magnitude of the constant errors was ini 
roughly three times the threshold value and negative in direction for | 
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Ss. However, the constant error gradually approached zero with practice 
but without benefit of knowledge of results. The variable errors were also 
high for one 5 and declined rapidly. They were constant for the other S. 
The response-time for each setting rapidly reached a value of 15 sec. The 
intercorrelations among the response variables are essentially zero for both 
Ss except, of course, for the expected positive correlation between the 
median response-time and its variability. 
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SKIN-CONDUCTANCE AND REACTION-TIME IN A 
CONTINUOUS AUDITORY MONITORING TASK 4 


By JoHN L. ANDREAssI, i 
U. S. Naval Training Device Center, Port Washington, N.Y. 


Activational theorists contend that level of performance rises with in- 
creases in physiological activity of an organism up to a point that is optimal 
for a given function and beyond this point further increases cause a drop” 
in performance. Thus, the basic proposition of this concept is that per- 
formance is best at some intermediate level of physiological activation: 
and the relation between the two can be described by an inverted “U”. 


One study frequently cited in support of activation-theory is that of Freeman who 
studied the relation between palmar skin-conductance (PSC) and reaction-time (RT) - 
with a single subject (S) under various states of alertness. The results of 100 
experimental sessions were recorded over a number of days. Freeman found an in- - 
verted "U" shaped relation between PSC and RT, in which RTs were slower at high 
and low PSC levels and fastest at the middle levels. Schlosberg reported that 
Freeman's result had been duplicated with another S, but a later study, using 4 | 
greater number of Ss (Schlosberg and Kling) failed to replicate these findings.’ In 
none of these studies was a continuous measure of PSC obtained along with the 
RTs. The purpose of the present experiment was to explore the relationship between — 
PSC and RT to an auditory stimulus when PSC was measured continuously. 


Method, Sixteen students (9 women and 7 men) served as Ss, S’s task was to 
sit quietly in a comfortable chair and to respond as quickly as possible to a 200-cps 1 
tone which was presented aperiodically over headphones, against a background 
of continuous white noise. The tone (70 db.) was generated by a Hewlett-Packard ' 
Wide Range Oscillator and a Scientific Prototype Audio Noise Generator was the 

“noise source (60 db). Both tone and noise were presented to $ via MSA Noisefoe 
Mark II headphones and the level of each was measured at the headphones with 
a General Radio Sound Level Meter. A tape programmer was used to actuate a three 
position relay. Holes were punched in a film strip at desired intervals and, when 
actuated, the relay performed three functions simultaneously: it started a Lafayette - 

ER 
* Received for publication November 2, 1965. This study was performed while 


the author was a USPHS Predoctoral Research Fellow at Western Reserve University: 
The writer's thanks are due Dr. R. C. Wilcott, for his assistance during the conduct - 
of this experiment. F 1 
* Elizabeth Duffy, Activation and Behavior, 1962, 139-194; R. B. Malmo, Activation: - 
says Ee Rea Rev., 66, 1959, 367-386. ity 
1 reeman, The relationshi dily activity - 
leet 1. ih Podol, SUA. EDS. een performance level and bodily ] 
arold Schlosberg, Three dimensions of emotion, Psychol. Rev., 61, 1954, 81-88; 
Harold Schlosberg and | . W. Kling, The eeludonchin between "tension" and effi- 
ciency, Percept. mot. Skills, 9, 1959, 395-397. 
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timer, it allowed presentation of the tone, and it caused an event marker to produce 
a vertical line on the ink writer used to record PSC continuously. Thus, E, who was 
situated in an adjacent room could record RT to the nearest hundredth of a second 
and make continuous readings of PSC. $ responded by pressing a switch mounted 
on the right arm of the chair, None was given any knowledge of results. 

The PSC electrodes consisted of 3-cm. zinc-plates, mounted in hard rubber cups, 


TABLE I 
DIFFERENCES BETWEEN MEAN RT «on PSC TRIALS, AND LEVELS 
H=10 highest values, M —12 intermediate values, and L=10 lowest values 


Comparison Mean diff. t-value df p (two-tailed) 
RT 

H versus M 34.00 2.31 15 <.05 

H versus L 31.00 2.80 15 <.05 

M versus L 3,00 25 15 
PSC 

H versus M 2.50 5.13 15 <.01 

H versus L 4.05 6.10 15 <.01 

M versus L 1.55 5.03 15 «.0t 
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REACTION TIME (MS.) 
a 
$ 


10.0 10.5 1.0 11.8 120 12.5 13.0 13.5 140 14.5 
CONDUCTANCE (MICROMHOS) 


Fic, 1, REACTION-TIMES FOR MEANS OF 10 HIGHEST (H), 
12 MippLE (M), AND 10 Lowest (L) 
CONDUCTANCE-VALUES 


with zinc sulfate paste as the conducting material. One electrode was placed on the 
palm of S's left hand just below the base of the first finger, and the other electrode 
was placed below the base of the little finger of the same hand. Skin-resistance was 
recorded with a Wheatstone Bridge coupled into an Offner Type R Dynograph. The 
values of skin-resistance were later converted into conductance measures. 


Results. The difference between the mean RTs for those trials with the 
10 highest conductance-values (H), 12 middle conductance-values (M) 
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and 10 lowest values (Z) were analyzed by /-tests for correlated 
(Table I). These results indicate that on those trials for which Ss ha 
highest mean PSC values, RTs were significantly faster than those | 
in which the PSC measures were of intermediate or low magnitude, 
mean RT's for each third, by conductance, is shown in Fig. 1. 
Mean differences for the four successive segments of the experi 
were examined by /-tests for correlated data (Table II). Trials 1-8 are rept 
sented by (1); Trials 9-16 by (2); 17-24 by (3); and 25-32 by (4). 
There was a sharp decrease in conductance between the first and s 
ond 10-min. segments of the experiment, and this was accompanied by a 
nificant increase in RT. The differences between the first segment and s 


TABLE II 


DIFFERENCES BETWEEN MEAN RT AND MEAN PSC ron THE 
DIFFERENT SEGMENTS OF THE EXPERIMENT 


(1), Trials 1-8; (2), Trials 9-16; (3), 17-24; (4) 25-32 


Comparison Mean diff. tvalue df p (two-taile 
RT E. 

(1) versus (2) 36.00 2.98 15 <0 
1) versus i 45.00 3.53 15 «.0t 
1) versus (4) 51.00 2.82 15 <.05 
2) versus (3) 9.00 69 15 

2) versus (4) 15.00 1.51 15 

3) versus (4) 6.00 81 15 

PSC 

(1) versus 2 2.33 3.91 15 <.01 

1) versus (3 2.55 3.37 15 «.01 
1) versus (4 2.98 3.29 15 <.01 
2) versus (3 .23 .78 15 

2) versus (4. .65 1.61 15 

(3) versus (4) 43, 1.36 15 


ments three and four were also significant. For the second, third, and fou 
segments decreases in PSC and increases in RT were consistent but 
significant. These results are depicted in Fig. 2. 

To determine the association between percentage-change in conduct: 
and that in reaction-time for the means of the 10 highest and 10 low 
conductance-values, a Spearman rank correlation coefficient was comput 
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Discussion. The results of the present study differ from those of Free- 
man in that an inverted “U” shaped relation between RT and PSC was not 
found, i.e. there was no indication of an upturn in RT at the highest values 
of PSC.‘ Freeman used one $ and experimental sessions occurred at all 
times of the day, including early morning and late at night, with S’s con- 
dition ranging between half asleep and extremely tense. Perhaps Freeman's 
method is more similar to a situation where $'s state is more actively manip- 
ulated, as in the case of studies of Induced Muscle Tension (IMT). An 


REACTION TIME (MS.) 


n 12.0 13.0 14.0 


CONDUCTANCE (MICROMHOS) 


Fic. 2. MEAN REACTION-TIME AND CONDUCTANCE- 
VALUES FOR (1) TRIALS 1-8; (2) 8-16; (3) 17-24; 
and (4) 25-32 


inverted “U” relation between level of effort and performance has been 
frequently reported in IMT studies. 

The findings of the present investigation are similar to those of Travis 
and Kennedy who investigated the relationship between frontalis muscular 
tension, reaction-time and level of performance in a continuous tracking 
task. They reported that RTs became progressively slower with low Jevels 
of tension and faster when tension level was high. There was no evidence 
of an upturn in RT at the highest muscle tension levels, but there was no 
deliberate manipulation of tension-level by Travis and Kennedy, just as no 


‘Freeman, op. cit., 602-608. 
"F. A. Courts, Relations between muscle tension and performance, Psychol. Bull, 
39, 1942, 347.367. i 
een Kennedy and R. C. Travis, Prediction and control of alertness: II, Contin- 
uous tracking, J. comp. physiol. Psychol., 41, 1948, 203-210. 
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effort was made to change S’s state in the present investigation. S's ste 
however, did change gradually in the present study, as indicated by 
progressive decrease in PSC-values during the course of the experimen 
session, and this change was related to a change in RTs as shown in Fig. 
Most Ss reported that the white noise presented continuously via the head- 
phones produced drowsiness, making it difficult to stay awake. Thus, insti 
of showing an improvement in RT as the session progressed, RT becai 
slower and the slowing was assoclated with decreased PSC values. 

The fact that the results do not support the activational theory may 
due to a limited range of arousal conditions. Sherwood made a si 
suggestion as a result of two experiments which indicated that performa 
was high under high arousal and low under conditions of low arous 
The results of the present study do not contradict activational theory. 
Rather, they suggest that a qualification be made to cover those situations in 
which S's physiological state is not actively manipulated through physical 
work or task-induced stress, and in which high arousal conditions ate t 
attained, It may be suggested that under such conditions $'s performan 
will improve with increases in physiological arousal, but that an inverte 
“U” shaped relation between level of bodily activity and performance v 
not be found. 


SUMMARY 


Continuous measures of palmar skin-conductance (PSC) were taken 
S responded to aperiodic auditory signals presented against a white no! 
background. Thirty-two reaction-time (RT) trials were taken for each 0 
16 Ss over a 40-min. session. The results indicated that Ss had significan! 
faster RT's on the 10 trials in which PSC was highest as compared to th 
RTs for the 12 middle and 10 lowest PSC trials, There were decreases 
PSC as the experiment progressed. The sharp decrease in PSC betwi 
the first and second 10-min. segments of the experiment was accompan: 
by a significant increase in RT. 

There was no upturn in RT at the highest levels of PSC and it w 
suggested that in certain situations S's level of arousal must be activel 
manipulated to achieve an inverted “U” relation between bodily activit 
level and performance. 


T H 
J. J. Sherwood, A relation between f "m 
1965, 461-465. arousal and performance, this JOURNAL, 


TIME-ESTIMATION AT REDUCED BODY-TEMPERATURE 
By A. D. BADDELEY, Medical Research Council, Cambridge, England 


Hoagland has shown a relationship between increased body-temperature 
and time-estimation.! He tested two Ss whose temperatures were raised by 
fever and one whose temperature was increased by diathermy. When asked 
to count up to 60 at what they considered to be a 1-sec. rate, they showed 
a positive relationship between oral temperature and speed of counting. A 
similar relationship had been found previously by François, using two Ss 

' who had been heated by diathermy.? On the basis of this evidence, Hoag- 
land postulated a chemically regulated internal clock; the higher the tem- 
perature, the quicker the chemical reaction, and the faster the clock. Two 
recent attempts to replicate Hoagland's result have been made, one success- 
ful,? the other not.* 


EXPERIMENT I 


The following experiment explores Hoagland's chemical-clock hypothesis 
in terms of the effects of reduced body-temperature on time-estimation. 


Method. The Ss, 20 amateur scuba divers, all men, were tested during a week of 
diving in cold sea water (4°C) off the coast of Wales during cold March weather. 
Half the Ss were tested for the first time just before diving, and for the second time 
just after, while the remaining Ss were tested first after a dive, Subsequently, the Ss 
were tested whenever possible, which in some cases included a control test separated 
from diving by several hours. It proved impracticable to test all the Ss equally often, 
and, consequently, the number of observations per $ ranged from 2-5, with a mean 
of 3.5, In the tests, the Ss were seated and asked to count to themselves up to 60 at 
what they considered to be a 1-sec, rate, Pulse-rate was then measured, after which 
$ estimated a second minute. Temperatures were measured orally by a clinical 
thermometer. 


* Received for publication December 2, 1965. The author is grateful to the mem- 
bers of the Cambridge University Underwater Exploration Group and R.E. divers 
who served as the Ss, and to Captain J. Chilton of Cyprus Port Unit R.E. for his 
help in arranging Experiment II. t j 

Hudson Hoagland, The physiological control of judgments of duration, J. gen. 
Psychol., 9, 1933, 267-287. - 

Marcel Francois, Contribution a l'etude du sens du temps. La temperature interne, 
Bae faeit de variation de l'appreciation subjective des durees, Année psychol., 
28, 1927, 186-204. 

`R. J. Kleber, W. T. Llamon, and Sanford Goldstone, Hyperthermia, hyperthy- 
Toidism and time judgments, J. comp. physiol. Psychol, 56, 1963, 362-365. 

, C. R. Bell ind K. A. Provins, Relation between physiological responses and en- 
vironmental heat and time judgments, J. exp. Psychol., 66, 1963, 572-579. 
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Results. Mean body-temperature, pulse-rate, and counting time for te 
before and after diving are shown in Table I. Wilcoxon's test showed th; 
the Ss were significantly colder after the dive (p < 0.001), counted n 
slowly (p « 0.02) as Hoagland's hypothesis would predict, but also h 
a lower pulse-rate (p « 0.05). Most Ss were tested several times, a 
there were considerable differences between dives in the extent to whi 
body-temperature fell. A more detailed analysis took this into accou 
follows: For each $, a rank-cotrelation (rho) was computed bet 
length of an estimated minute and (a) bodily temperature; (b) pulse 
and (c) order of test. In each of these cases the hypothesis, that the 
relation shown by the 20 Ss deviated significantly from zero, was t 
Since the number of observations on which they were based varied 


TABLE I 


MEAN AND RANGE OF TEMPERATURE, PULSE-RATE, AND TIME-JUDGMENT BE) 
AND AFTER DIVING IN Very COLD WATER 


Oral temp. Pulse-rate Time judged 
CF) (per sec.) 1 min. (sec) — 
Before diving. 97.39 86.40 64.48 
` (95.0-98.8) (66-120) (35-108) — 
Alter diving 95.03 76.88 70.44. 
(93,.5-97.5) (54-99) (40-119) — 
Diff. 2.36 9.52 —5,96 


S to S, the correlations could not be assumed to conform to an ori 
metric scale, and the significance of the relationships was assessed by 
sign test. A positive relationship between body-temperature and rate 
counting was shown by 16 of the 20 Ss (median rho = +0.50, p < 0.0 
"Twelve Ss showed a positive relationship between pulse- and counting-t 
(median rho = +0.20, p > 0.1), and 10 showed a positive relations! 
between counting rate and order of test (median rho = 0.20, p > 0. 


EXPERIMENT II 


The results of the Experiment I support Hoagland's hypothesis 
chemical clock by showing that there is a tendency for the Ss to count mi 
slowly when oral temperature is reduced; however, since changes in 
temperature in this study are always associated with diving, it is po 
that some other factor may be crucial. Most Ss appeared to find the divi 
relatively stressful, and, since there is evidence that anxiety may infl 
time-estimation, it is possible that the results may be due to pre-div t 
causing faster counting before the dive, rather than low body-temperat 
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producing slower counting affer the dive^ Experiment IT examines this 
possibility by requiring the Ss to estimate a minute before and after a warm 
but stressful dive. 


Method. Divers were required to take a 1-oz, charge of gun cotton with fuse 
already lit and place it on a wreck lying in 15 ft. of water, If the charge did not 
explode within a few minutes, the diver was required to dive and retrieve it. Before 
and after diving, he was seated and asked to estimate a minute, as in Experiment $ 
and both oral temperature and pulse-rate wese recorded. Eight divers of the Royal 
Engineers and six amateur civilian divers served as the Ss, Since the test took place 
in fine August weather in Famagusta Bay, Cyprus, air- and water-temperatures were 
relatively high. 4 


. — Results. Table II shows the mean and range of oral temperature, pulse- 
rate, and length of estimated minute before and after diving. Only pulse- 


TABLE II 


MEAN AND RANGE OF TEMPERATURE, PUISE-RATE, AND TIME-JUDOMENTS 
BEFORE AND AFTER A WARM BUT STRESSFUL DIVE 


Oral temp. Pulse-rate "Time judged as 
CF) (per sec.) a min. (sec.) 
Before diving 98.37 86.8 55.4 
(97,4-99.4) (68-102) (30-94) 
After diving 98.20 81.4 54,8 
(96.4—100.0) (50-106) (35-73) 
Diff. 0.17 5.4 0.6 


rate shows a reliable change, and even this is small and by Wilcoxon's test 
is only marginally significant (T = 24, z = 1.79, p = 0.037, 1 tail). 


Discussion 


Both the studies desctibed are essentially field experiments in which 
E had little control over the variables. In Experiment I, the crucial variable 
was bod y-temperature, while the variable measured was oral temperature, 
Since the face was the one part of the body directly exposed to the water, 
Oral temperature was likely to give a reading which is somewhat lower 
than deep-body temperature. The absolute temperature-values shown in 
Table I are therefore probably underestimates, and any relatively small 
drop in oral temperature may possibly not reflect a change in deep-body 
temperature, 

A further problem raised by Experiment I is whether some other factor 
which co-varied with oral temperature might be producing the change in 


* J. L. Falk and Dalbir Bindra, Judgment of time as a function of serial position 
and stress, J. exp. Psychol., 47, 1954, 279-282. 
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time-estimation. The most plausible alternative explanation is probably in 
terms of stress or arousal. Since both these concepts embrace a whole com- 
plex of imperfectly correlated variables, testing this hypothesis becomes 
vety difficult. 

In Experiment II, an attempt was made to avoid some of these difficulties 
by using a situation equivalent to that used in Experiment I except for 
the reduction in body-temperature. How successfully this was accomplished 
is difficult to assess. The only available index of arousal was mean pulse- 
rate, which was comparable before the dive, (86.4 per min. in Experiment 
I and 86.8 in Experiment IT) but showed a slightly greater drop following 
the dive in Experiment I than in Experiment II — (9.5 as against 5.4). 
This difference does not, however, approach significance by the Mann ` 
Whitney test (p > 0.1), and it probably is due to bodily temperature." 
What little evidence there is, then, suggests a roughly similar level of 
arousal in the two situations. Since the counting rate goes slightly in the 
opposite direction to that predicted by an arousal interpretation, it seems 
most plausible to explain the results of Experiment I in terms of body- 
temperature. 

Tn general, then, these results support Hoagland’s chemical clock hypoth- 
esis and suggest that it holds for reduced as well as for increased tempera- 
tures, If we assume, however, that Hoagland's generalization is justified, 
we are left with the problem of why Bell and Provins failed to show an 
effect.’ They performed three experiments, of which two, though relevant, 
are not crucial to Hoagland’s hypothesis, since they required S to judge 
longer intervals than those to which Hoagland applied his model.’ They 
also are open to the objection that S was required to perform a complex 
task during the interval to be judged. In one of the experiments however, 
conditions were comparable with Hoagland's, the Ss being required to esti- 
mate two short, unfilled intervals (45 and 100 sec.). In that experiment, 
14 of the 20 observations were in the direction predicted by Hoagland, à 
result which is marginally significant by a Sign Test (p — 0.058, 1 tail). 

It is possible to prove the results of the latter experiment with those 
of the Kleber experiment? and estimate the time it would have taken the 
Ss in these experiments to count out a minute. Fig. 1 shows this estimate 
for the hot and cool conditions, in both studies, together with the equiva- 
lent data from Experiments I and II. The results appear to describe a func- 


^O. G. Edholm, J. M. Adam, and R. H. Fox, Thi i à 
n , J. M. 5 .H. , The effects of work in cool an 
hot conditions on pulse rate and body temperature, VEL 5 "1962 546-556. 
Bell and Provins, op. cit., 572-579. A $ 
, Hoagland, op. cit., 283. 
Kleber, Llamon, and Goldstone, op. cit., 362-365. 


TIME-ESTIMATION AT REDUCED BODY-TEMPERATURE 479 


tion which could reasonably be interpreted as supporting Hoagland's 
hypothesis. 
SuMMARY 
In the first of two experiments 20 Scuba divers were asked to count 
up to 60 at a 1-sec. rate at various times during a week of diving in cold 
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Fic. 1. LENGTH OF TIME JUDGED AS 1 MIN. AS A FUNCTION 
OF BODILY TEMPERATURE 


(Data from three studies; function fitted by eye.) 


sea water. Rate of counting was found to be correlated significantly and 
positively with body-temperature, but not with pulse-rate or with order 
of test. A second experiment tested the hypothesis that this result was due 
to pre-dive anxiety causing S to count more rapidly before a dive. When 
other divers counted a minute before and after a warm but stressful dive 
involving the placement of explosives, there was no change in counting 
tate. It may be concluded that body-temperature affects time-estimation in 
ı the manner predicted by Hoagland’s chemical-clock hypothesis. 


VISUAL MEMORY-SPAN IN THE DEAF 


By James E. OrssoN and Hans G. FURTH 
The Catholic University of America 


Deaf children have been found to perform less well than hearin; 
dren on some types of memory-tasks, although results were by no. 
consistent." It has been suggested that verbal language may play an i 
tant role in such tasks and that the well known verbal deficiency of the 
could explain their inferiority on memory-performance. 

This study compares the visual memory-span in the deaf with th 
hearing Ss. A comparison of linguistically normal and linguistically 
ficient persons of different ages was expected to clarify relations be 
memory-span and language. The tasks, given in both simultaneous 4 
Successive presentation, are as follows: (1) nonsense-forms of M 
asociative value; (2) nonsense-forms of high asosciation value; and 
visually presented digits. The tasks may therefore be considered as | 
Jud sampling the continuum from low to high accessibility of vei 
labels. 


Method: (1) Subjects. "Thirty adolescent deaf pupils were selected from the 
a residential and a day school on the basis of age (12 to 16 yr.), IQ. (abov 
carly severe deafness, and absence of disease of the central nervous system 


‘The deaf Ss came from two clubs for the deaf and were deficient in verbal 

All five groups had about an equal number of men and boys and women and 
(2) Tasks, The memory-span for digits was taken from the WAIS and Wi 

Memory-Scale, The former was used for the successive presentation of 


* Received for publication July 8, 1965. ‘This stud ided i b 
p > : y was aided in part by 

S ne gere the Doe cur octlonal Rehabilitation Administiati 
Wie AA ed or the Deaf and the Wm. S. Baer 
. Blair, A study of the visual memory of deaf and hearing children, 
ait Deaf, 102, 1957, 254-263; D. G. Doehting, Visual spatial menor in. 
children, J. Speech Hear. Res, 3, 1960, 138-149; H. G. Furth, Visual paii 
sociates task with deaf and hearing children, J. Speech Hear, Res., 4, 1724775. 
Goetzinger and C. L. Rousey, A study of the Wechsler performance scale (For 


od Knox Cube Test with deaf adolescents, Amer. Ann. Deaf, 102, 
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the latter for simultaneous presentation. Each type of presentation consisted of two 
sets of 3 through 9 digits. 

The memory-span for form consisted of 50 nonsense-forms, grouped into high and 
low associative sets. Each set contained series of 3, 4, 5, 6, and 7 forms, There 
were 10 series, 5 each in the high and low associative set. 

The associative value of the forms was determined by projecting 100 forms on a 
screen before 56 college students with instructions to write a verbal association to 
each form and to rate the ease of association from one to three. The 25 forms highest 
in associative value were placed in the high,set and the 25 forms lowest in value 
were placed in the low set. The series of forms within each set were approximately 
equated in average associative value, 

(3) Procedure. The adults first completed the Beta Intelligence Test. All groups 
followed then a similar testing procedure except that the residential deaf adolescents 
were not available for the digit task. The instructions for this test were given to the 
deaf by a person who used speech combined with manual signs. Group procedures 
were used throughout with the groups varying in size from 8 to 11 Ss. The total 


TABLE I 
MEAN SCORE AND STANDARD DEVIATION ON MEMORY-SPAN FOR Forms 
High associative value Low associative value 
Ss Pa PS SS RSE yt RN i 
successive simultaneous successive simultaneous 
Adol 5: 
leaf, residential — 5.40 (1.49) — 6.07 (1.12) 4.20(1.0) — 4.73 (1.20) 
ay school §.53( .89) 5.80 (1.04 3.93 ( .86) 10. +98, 
panne 5.67 (1.13) 5.87 (1.21 4.47 (1.63) 4.07 (1,23) 
Adult: 
deaf 4.69(1.04) — 5.44 (1.41) 3.75(1.84) — 4.19 (1.51) 
hearing 4.94(1.29) — 5.13 (1.41) 3.75( .83) $:4 0:23) 


time taken for the testing varied from 1-2 hr. depending upon the slowness of the 
group and the number of tasks administered. Short rest-periods (3-5 min.) were 
given between tasks according to the needs of the Ss. 

With the digit-task, the digits were first presented successively with «sec, ex- 
Posures and 2.2 sec, between successive exposures, A Bausch and Lomb "Balomatic 
500" automatic projector was used to project 2 X 2 slides of digits on a screen, 
The Ss were instructed to write down the digits in the exact order of presentation 
when the series ended, which was indicated by the word ‘Write’ on the screen. "To 
communicate effectively with the deaf, written and spoken instructions together with 
demonstrations, were used. The first series of three digits was used as an example, 
and all the Ss’ answers were checked to see that the task was understood. 

The digits were then presented simultaneously, with instructions and a demon- 
Stration of the first three-digit series, The exposure-time for each series was 1 sec. 
for each digit in the series, hence the exposure-time in seconds equaled the number 
of digits in the series. 

For the form-task each group of Ss was divided into two subgroups, one of which 
received the successive presentation before the simultaneous, and the other, the 
reverse, Within each type of presentation, the high and low associative series alter- 
nated (e.g, high association 3-form-series, low association 3-form-series, high as- 
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sociation 4-form-series, etc.). Each $ was given a packet of 20 envelopes coni 
the facsimiles of the forms for each series. They were told, along with a dei 
stration, that forms would be shown on the screen in a particular order, and that 
the presentation, they were to take the facsimiles of the forms shown on the 
from the appropriate envelope and put them in the order of presentation from ] 
to right on the table. For the first two series ('high' and ‘low’ association of 
forms), E checked the order of the forms for all the Ss and made certain 
understood the task. 

In the successive presentation, the exposure-time for each form was 2 sec, wi 
2.2 sec. between successive exposures. The exposure-times for the simultanec 
presentation were 8, 10, 12, 14, 16 sec. for the series from 3 to 7 respectively. 

In summary, adolescent and adult groups of hearing and deaf Ss were test 
on memory for visual digits and for nonsense forms of high and low associati 
value. Each of the tasks was presented simultaneously and successively. The same 


TABLE II 
MEAN Score AND STANDARD DEVIATION ON MEMORY-SPAN FOR DIGITS 
Successive Simultaneous 
Ss 
mean SD mean SD 
Adolescents: $ 
deaf, day school 6.13 1.81 6.47 1.92 
hearing 7.80 1.37 8.27 1.10 
Adults: 
deaf 5.56 1.27 6.38 1.26 
hearing 7.19 1.46 8.25 1.20 


performed across all tasks and an S's score was the highest series of elemen! 
(digits or forms) remembered in the exact order of presentation. 

Results. Two separate analyses of variance of mixed factorial design 
were done for the form-task, one for the adolescent, the other for the 
adult groups? The resulting F values were signifiant for Associative 
Value (F = 57.02 and 30.39, p < 0.01) and Type of Presentation 
(F = 14.79, p < 0.01 and 6.51, p < 0.05) at the adolescent and ad 
level, respectively. There were no reliable interactions except for Present 
tion x Deafness for the adolescent groups (F = 6.12, p < 0.05). ? 
significant difference emerged between hearing Ss and residential ot day 
school deaf Ss. High association was consistently helpful for all groups: 

From an analysis of variance of the digit test, two results emerged wit i 
no significant interactive effects. The hearing were consistently superior 
the deaf (F — 60.09, p < 0.001) and performance was generally better — 
for simultaneous than successive presentation (F — 4.85, p < 0.05). 


Discussion. The main results can be considered consistent in that they 


*E. F. Lindquist, Design and Analysi: 7 j d Edu- 
Peres lysis of Experiments in Psychology an 
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were replicated in two different age-samples both in the hearing and the 
deaf. Three interesting points emerged concerning the relation of deafness 
and memory. The deaf were consistently poorer on digits but differed 
minimally from the hearing on nonsense-forms; high association helped 
the deaf as much as it helped the hearing; the simultaneous condition was 
generally easier than the successive condition with an indication that on 
simultaneous presentation. of forms the adolescent deaf did somewhat 
better than the hearing, while the hearifig did better than the deaf on 
successive presentation, 


The first point illustrates that general statements about deaf people's memory- 
performance are in need of clarification. In our case a specific reason for their specific 
"failure could be the continuous practice with digits to which the hearing, more than 
the deaf, are exposed. One need only think that hearing persons are freely exposed 
to telephone numbers and academic subjects concerned with numbers such as 
mathematics, science or history, while the deaf have only limited experience from 
these sources, Such an explanation in terms of past experience is parsimonious and 
is analogous to findings with the blind. Blind adolescents have been observed to 
show an oral digit span far above the average of seeing peers." The reason for their 
superiority relates not to blindness itself but to the blind person's difficulty in writing 
down or looking up numbers as easily as do sighted people. The fact, however, 
that on nonsense-forms deaf and hearing Ss performed similarly while on digits 
they differ requires further explanation. 

One could have expected that a high associative value would have helped the 
heating to a greater extent than the deaf since it is based on verbal associations. 
But as high and low associative value had similar effects on deaf and hearing Ss, 
one may conclude that verbal associations as such did not contribute substantially 
to better memory performance. Rather it seems that high associative value may be 
associated with more familiar forms and for that reason these forms are both easier 
to remember and have more readily available verbal associations, While verbal asso- 
ciations were not readily available to the deaf, familiarity was apparently of equal 
help to both deaf and hearing Ss. 

The group which contributed most to the interaction between deafness and mode 
of presentation was the adolescent hearing group on low associative forms simul- 
taneously presented, this being the only instance where a group performed more 
Poorly on simultaneous than, on successive presentation. For this reason it seems 
4ppropriate to attribute this interaction to the poorer performance of this hearing 
Broup, at least as much as to a supposed verbal factor which helped in the suc- 
cessive condition. 

SUMMARY 


Deaf and hearing adolescents and adults of both sexes were equated 
for age and intelligence and given test in visual memory-span. Consistent 


* Personal. observation by H. G. Furth of the performance of blind adolescents 
for Ht eit Digit Span-subtest made at Oregon and Washington State Schools 
ne Blind. 


484 OLSSON AND FURTH 


results at both ages indicated that deaf and hearing performed 
nonsense-forms, but that the deaf were inferior with digits. Botl 
and deaf Ss benefitted equally from high as compared to low 
value of forms and, with one exception, from simultaneous as cot 
successive presentation. These specific results seem to support the 
previous experience rather than verbal mediation in immediate 


APPARATUS 


A STEREOSCOPE DESIGNED FOR USE IN RESEARCH 
ON MOTIVATED PERCEPTION 


By INGVAR BOKANDER, Lund University, Sweden 


Since Wheatstone, in 1838, describéd the first stereoscope, there have 
been many modifications in the apparatus originally designed for the study 
of visual space perception. Moreover, in later years use of the stereoscope 
has been extended to the field which is known as motivated perception. In 
this field of work it appears fruitful to study the reactions originating when 
different objects are presented on corresponding retinal areas in the two 
eyes. 

The new field of application has required the construction of special apparatus. 
Thus, for example, the need of variable light intensities and exposure times has influ- 
enced the design of these instrument. Engel describes a simple prism-stereoscope with 
adjustments for convergence and light intensity in the two picture fields? Grindley 
presents a mirror stereoscope with semi-transparent mirrors that permit constant 
accommodation even when the picture fields are not lighted.* Adlerstein has con- 
structed a variant of a mirror stereoscope that permits bigger objects to be presented," 
e.g. human faces in full scale or projected pictures and film sequences. These con- 
structions have in common, however, a certain ungainliness which most often requires 
a fixed arrangement in the laboratory. 


As a complement to these various types of apparatus, we here present 
a portable and easily maneuvered prism stereoscope which offers the pos- 
sibility of varying independently the light intensities in the two picture 
fields, variable adaptation-light and possibility for continuous or variable 
exposure time, It also has two geared rotary prisms of large aperture to 
permit individual adjustment of convergence. The instrument is further 
adjustable for height and may be tilted to any convenient angle. 

Construction. The groundwork of the apparatus comes from the variable prism 
stereoscope made by Clement Clarke, London. It is united with two identical and 
entirely separated tubes, one for each eye. These tubes contain a slideholder for 
5 X 5 cm. slides (E. Leitz, Wetzlar). Directly connected to the slideholder on the 
front is a fixed polaroid filter with a white frame resulting in a 4 X 4 cm. picture- 


4 1 Edward Engel, Binocular conflict and resolution. Unpublished Doctoral disserta- 
tion, Princeton University, 1955, 35-37. 
*G. C. Grindley, A modified form of Wheatstone's stereoscope, Quart. J. exp. 
Psychol., 7, 1955, 98-100. 
QUT M. Adlerstein, The huma scope: A modified stereoscope, J. Psychol., 45, 1958, 
-113. 
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area, In front of this white frame is a black frame with a 4.2 X 42 cm. apertu 
narrow white frame facilitates a stable eye convergence and accommodation 
the picture field is not illuminated. This frame is always illuminated from two 
situated in the front beside the prisms of the stereoscope, These lamps also 
sources of the adaptation-light. When the prisms are illuminated from the. 
certain amount of light intensity is reflected into the eye. The iris will then 
be maximally open which would be the case if it was totally dark between 
exposures. Thus, the light contrast at the beginning and end of exposure n 
reduced. To eliminate light reflection in the polaroid filter from the front 
these are framed and only indirect stray light hits the filter. Because the st 
the current is variable, the light intensity of these adaptation-lamps can be 
to suit the light intensity of the exposed pictures. 


Fic, 1. ONE OF THE TUBES OF THE STEREOSCOPE AS SEEN FROM ABOVE 


2—Positive lens; 2 mm. overlapping) n—Attachment for th 
ry prisms; h—Fixed polaroid filter; holder; 

ne kaoh for ro- — i—Slide holder; 

gag sms; j—Filter cell with two 


ptation lamps; round glass filters; Iter; 
e—Frame for adaptation k for side plates; p—Main lamp; 
i M tae IR lot Polaroid filter; ^ q—Steering ir o 
8— White: picture frame" froide, = PO” 020 Polaroid filter 


lenses (+7 D) are placed to ma the picture fiel 
in the visual field. er nee ee 
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In Fig. 1, a schematic drawing of one of the tubes, seen from above, is presented 
to make the description clearer. 

The adaptation-lamps (6 V., 5 w.) can be turned on and off by a separate switch. 
The main lamps (6 V., 2.7 w.) can either be permanently on or can be varied from 
outside. A built-in transformer provides suitable current. If it is desirable with shorter 
and well defined exposure-times, the apparatus can be varied from outside with any 
conventional stimulus-controller. 

The apparatus is equipped with a headrest in combination with blinds to prevent 
disturbing room-light from entering. The slide holders have removable covers, so as 
not to permit stray light to pass and illumifate the slides behind the fixed polaroid 
filters. With covers on, experiments can be done in full daylight. In moderate light, 
the covers can be removed if quick exchange of slides is necessary. 


As yet unpublished experimentation with this instrument indicates that 
it is functional, reliable, and also very easy to handle in the laboratory. 


APPARATUS NOTES 


A SIMPLE METHOD FOR PHOTOGRAPHING EYE-MOVE 


In the course of studying visual search, we developed a simple method for photo- 
Rraphing eye-movements.! The novel feature of this technique was a mirror which 
reflected light from a slide projector onto $'s eye. The reflected beam performed th 
functions: (1) It provided the bright illumination required for photographing 
eye; (2) It marked the changing of the projected display onto the photograp 
record, and (3) It enabled $ to keep his head-position constant. 

The apparatus is diagrammed in Fig. 1. S's left eye was photographed by 
electrically driven Bolex 16-mm. reflex movie camera, fitted with a 75-mm. F 
lens on a 15-mm. extension tube. The camera (C) was placed about 35 cm, in fr 
and slightly to the left of S's left eye, so that it did not block either cye's view of 
display. Displays were projected by a Kodak Carousel slide-projector (P) and 
tended a visual angle of about 30°, The mirror (M) was mounted on the proj 
surface so that it reflected a beam of light onto S's left eye. The mirror can 
placed anywhere outside the area that is scanned, and angled to illuminate the 
It was placed in the center of the display shown in Fig. 2A, because S scanned arou 
the circumference and never crossed the center, 

Fig. 2B illustrates the appearance of the illuminated eye, The bright spot on th 
cornea is an image of the slide projector lens, The direction of S's gaze can be 
ferred from the position of his iris. This is indicated in Fig. 2B, which was p 
graphed while $ looked at the top circle on the display. When S's eyes moved du 
an exposure, the corneal reflection traced a streak on the film. Fig. 2C shows 
streak made as $'s eye moved from the top circle in Fig. 2A, clockwise to the 
circle on the right. When $ followed a consistent scanning pattern, the Experimen 
(E) could determine which object he was looking at in displays containing as m 
as 16 objects arranged in a 4 X 4 array. The corneal reflection was also an aid 
Precise focusing of the camera: through the reflex viewfinder E could see it shrink 
à point as the camera reached perfect focus, 

When the display changed, the illumination on S's eye dropped sharply and tht 
bright spot disappeared. Fig. 2D shows S's eye during the dark interval betw 
slides. The illumination and corneal reflection returned at the instant that the nex 
slide appeared on the screen, When the trial was terminated by S, he closed his 
to register his response on the film, X 

There were two reasons why head-movements had to be restricted: one was 
the position of S's eye would consistently indicate where he was looking on 
display. The other was that the eye had to remain in the field of the camera. 


‘This research was supported by Public Health Service Research Grant MH 081 
from the Institute of Mental Health, 
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reflected beam could he see the lens of the slide projector in the mirror. This posi 
tioning was accomplished just before each slide was presented, While searching, S 
did not have to look at the mirror to maintain head position, since displays less 
than 30° in diameter are scanned almost entirely by eye movements, 


FiG. 1. SCHEMATIC DESIGN OF THE APPARATI 
P, slide-propector; M, mirror at center of displ 
reflecting beam of light onto S's left eye; S, sub- 

ject; and C moving picture camera, 


[s 


Fic. 2. POSITION dr THE DISPLAYS AND PHOTOGRAPHS OF S's Evi 
(A) Eight-object display with mirror in the center, (B) Photograph showing corneal 
reflection. (C) Corneal reflection during movement. (D) Eye during the dark in 
terval between slides, 


The photographs in Fig. 2 were taken on Tri-X film at 13,6 frames per sec. The 
camera speed was calibrated by photographing a clock at the beginning and end of 
the reel. Location and duration of fixations were determined by examining the films 


frame by frame with a motion-analysis projector. 
New York University Ira T, KAPLAN 
Medical Center WiLLIAM METLAY 
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AIR BLAST: AN EFFECTIVE UNCONDITIONED STIMULUS 


Pressurized air released into a shuttle-avoidance apparatus will sustain ac 
of a conditioned avoidance response. Response to the blast is immediate, dij 
(away from the source), and relatively unemotional. With a CS-US interval : 
11 sec, learning is rapid; a criterion of five avoidances in six trials is Comi 
attained after fewer than 10 trials, and most animals acquire the response, 
than 20% of 60 normal rats thus far trained with air blast achieved the 
immediately following the first avoidance. Once learned, the response is 
elicited by the CS (buzzer) over many extinction-trials. 

The efficacy of this US in the shuttlebox is not independent of the 
which should be short (30 in.) and narrow (4 in. to 5 in.). Air is int 
horizontally from the end of the apparatus through shower-nozzles at a j r 
of about 30 Ib./sq. in. 

North Dakota State University A. Josepu Ray, J 


ACCURACY OF ESTIMATES 


The data from perceptual studies in which estimations of physical dimen 
experimental stimuli are made can be examined in terms of two interde 
analyses. One kind of analysis is a comparison of the magnitude of the esl 
means, This is usually accomplished by use of the / or F statistic. A second 
analysis is in terms of error of estimates, in which: (a) error is considered 
reflected by a measure of dispersion around the mean, such as the vati 
standard deviation, or (b) where error is defined in terms of the absolute di 
9f estimates from the physical or true measurement of the stimulus, This latte 


assumes that sampling is from a population that is normally distributed. The d 
tions from absolute value present, however, a 'half-normal' or one-sided distrib 
since the algebraic sign is ignored. Hence a basic assumption is violated in | 
conditions, Even a very liberal interpretation of the ‘robustness’ of the ass m 
of normality cannot accommodate such usage. Either the data must be transfo 
to obtain distributional normality or the standard deviation must serve as a n 
of over-all error, In any event, caution must be exercised when dealing with devi 
computed without regard to algebraic sign. 

Rutgers University H. R., SCHIP 
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THE PREROLANDIC CORTEX: ITS FUNCTION 


It is generally believed and taught today that behavior activities of the 
striated muscular system in man and higher animals are governed by and 
emanate from corresponding activities in specific sections of the prero- 
landic motor cortex. Textbooks commonly picture an inverted figure with 
feet and hands in upper sections of the brain near the longitudinal fissure 
and with head regions lower and lateral, Our tests suggest that the excep- 
tions to this rule greatly outnumber the instances that follow it. 


As early as 1888, Mills depicted the "mosaic" of the prerolandic motor cortex 
supposed to govern voluntary movements which has become the general concep- 
tion' J. F, Fulton presented the history of this common belief which he evidently 
shared As affording confirmatory evidence on animals, he cited findings and in- 
terpretations of Boyle (1691), Jackson (1864, 1870), Fritz and Hitzig (1870), 
Beevor and Horsley (1890), Ferrier (1873, 1875), Leyton (Grunbaum) and 
Sherrington (1917), the Vogts (1926) and Foerster (1936).* Affording confirma- 
tory evidence on the human cortex, Fulton cited Bartholow (1874), Sciamanna 
(1882), Horsley (1887), Keen (1888), Nancrede (1888), Beevor and Horsley 
(1890), Bidwell and Sherrington (1893), and others.* 

In 1951, F. M. Walshe, editor of Brain, protested that charts of brain motor 
localization are falsely assumed to “represent the essential plan of cortical or- 
ganization.” Instead, "they are simply a way of showing on a diagram what a 
certain type of experiment (je. electrical stimulation of specific localities) yields, 
and to regard them as more is without justification." 


According to Walshe, it had not been proved that the prerolandic 
mosaic, established by electrical stimulation and other evidence, is really 


' C. K, Mills, Brain, 12, 1890, 233-358. 

* J, F. Fulton, Physiology of the Nervous System, (2nd ed.) 1943, 369.393. 

`R, Boyle, Experimenta et observationes physicae, (John Taylor, London, 1691), 
(26), 158; J. H. Jacksom, Lond. Hosp. Reports, 1864, 388-471; Trans. Sh. An- 
drews Med. Grad, Ass. 3, 1870, 162-207; G. Fritsch and E. Hitzig, Arch, Anat. 
Physiol. Swiss, Med, 37, 1870, 300-332; C. E. Beevor and V. Horsley, Philos. 
Trans, 181B, 1890, 49-88; D. Ferrier, West Riding Lunatic Asylum med, Rep. 
3, 1873, 1-50; Philos. Trans, 165, 1875, 433-488; A. S. F, Leyton and C. S. Sher- 
rington, Quart. J. exp. Physiol, 11, 1917, 135-222; C. Vogt and O. Vogt, Natur- 
wissenschaften 14, 1926, 1190-1194; O. Foerster, Handb. Neurol. 6, 1936, 1-448, 

‘R. Bartholow, Amer. J. med. Sci, 67, 1874, 305-313; E, Sciamanna, Arch 
Psichiat. Torino, 3, 1882, 209-215; V. Horsley, Amer. J. med. Sci, 93, 1887, 342- 
369; W. W. Keen, Amer. J. med. Sci, 96, 1888, 329-357; 452-465; C. B. Nan- 
crede, Two Successful Cases of Brain Surgery (Philadelphia, 1888); C. E. Beevor 
and V. Horsley, Philos. Trans, 181B 1890; 129-158; L. A. Bidwell and C. S. 
Sherrington, Brit. Med. J., 2, 1893, 988-989. 

F. M. R. Walshe, Brain, 74, 1951, 249-266. 
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believed that this has been proved "have failed to realize that what thi 
observe is merely what the specific experimental operation reveals, 
that it stands in no necessary or apparent relation to the normal p 
of the structures stimulated.'^ Doubts and questions, at least 
what similar, he indicated, were shared by Ferrier, Hughlings Jac 
Beevor, Denny-Brown, Liddell and Phillips, Lashley and Clark, 
and Sherrington and Dusser De Barenne. 

Upon consideration of the findings and interpretations on both si 
indicated above, there appears to be as yet no utterly conclusive evidenc 
While there have been positive results at times (e.g. Penfield, 194! 
yet no experimentum crucius has been performed. The following stud 
an attempt to answer the problem directly. 


Methods: Subjects. Eighteen men and women, college students and office worl 
ers, were the initial Ss. As a rule each $ was tested for 1-2 hr. on four or five di 
days. The Ss lay with eyes closed in an electrically shielded, semi-soundpt 
darkened room. For EMG recordings the integrating neurovoltmeter wa 
ployed* This apparatus is stable and records transient potentials accurately 
small fraction of a microvolt. We have ascertained that surface electrodes of 
tain size permit recording quite as accurately as platinum-iridium pin elec 
inserted directly into the muscle, The platinum-iridium surface electrodes us 
were 38 mm. by 63 mm. in size. They were fastened to the skin over the ap 
priate muscle with Scotch tape and separated from the skin by a thin layer 
electrode paste (Sanborn's Redux). The EMG recordings were bipolar, wil hs 
jacent edges of electrodes at least 20 mm. apart. $ was grounded. ! 

Electrodes were fastened to the scalp by collodion reinforced with a thin 
tened wad of cotton batting. 


the cortical "center" corresponding to the muscles which flex or extend the h 
and fingers, This location was determined by Kronlein's method, but allow: 
was made for discrepancies by placing several additional electrodes close to 
estimated. location. Furthermore, upon test, we found that the patterns re 
from these adjacent electrodes were in the main quite similar to each other. 
For ECG, only the preamplifiers, Type 481, with the Type 9806-A-C cou 
of the Offiner Dynograph were used. Their outputs were connected with the 
puts of band-pass filters (specially built by the Instrumentation and Controls. 
tem Co.) with adjustable cut-off frequencies. The output of these filters 
photographed by means of an 8-channel p.c. recording oscilloscope with conco 


“Ihid, 265. 


"H. Jasper and W. Penfield, Archiv, fii jatri 7 ift Neurolo, 
Bi iX S1 TAT rcbiv, für Psychiatrie und Zeitschrift 5 


"Edmund Jacobson, The Revue of Scientific Instruments, 11, 1940, 415-418. 
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tant photo development. Also the output was fed into an amplifier and phase 
splitter provided with a bridge output, then through a resistance-capacitance in- 
tegration-circuit. Thus the ECG is continuously integrated for selected frequency 
ranges. 


“INTEGRA 
EMG: 


INTEGR) 


Fic. 1A. INCREASE OF PREROLANDIC POTENTIALS (EEG- 

ECG) IN THE REGION OF THE HAND BEFORE AND SIMUL- 

TANEOUSLY WITH THE INCREASE OF THE POTENTIAL OF 
THE FLEXOR MUSCLE OF THE HAND 


Recorded directly in the upper curve and integrated in the 
second and third curves. 


"M 
INTEGRATED 


Fic. 1B. ABSENCE OF PREROLANDIC POTENTIAL CHANGES 
IN THE VICINITY OF THE HAND WHEN THE EMG INDI- 
CATED FLEXION OF THE HAND MUSCLE 


According to programming in any one session, upon a sound signal S bent one 
hand back at the wrist or clenched the fist or squeezed a tennis ball. He was to 
relax promptly upon the second sound-signal. Four of the 18 Ss who had been 
trained to relax, and were checked by action potential measurements.” 


Results, In most cases specific activity of motor cortex ECG was not 


* Jacobson, Progressive Relaxation, 2nd ed., 1938, 309-326. 
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identified at the time of specific muscle contraction; namely, of | 
which flex or extend the fingers or the hand. Only in a minor fraction 
tests were the results positive; namely, only 97 out of 629 instances. 
Fig. 1. presents an example of a positive and of a negative test. 
We conclude that in ordinary voluntary movements of intact e 
human beings the prerolandic "motor" cortex sometimes acts el 
graphically to correspond with peripheral neuromuscular activity, bu 
from always. Indeed it is almost exceptional. 5 
Further crucial simultaneous central and peripheral tests of funi 
"motor centers" in laboratory animals are indicated. In preparation i; 
continuation report of the present investigation in cats with electr 
planted in the “frontal paw” or “hind paw” area of the sigmoid gy: 
Laboratory for Clinical Physiology EDMUND JACOB 
Chicago, Illinois RicHARD E. LANGE 


THE 1966 MEETING OF THE NATIONAL ACADEMY OF SCIENCES 


The 103rd Annual Mecting of the National Academy of Sciences 
held at the building of the Academy in Washington on April 28, 29 
50, 1966. Of the present twenty-seven American members of the 
of Psychology of the Academy, the following were present: Robert Ga 
bos, W. R. Garner, J. P. Guilford, Heinrich Klüver, D. B. Lindsley, 
Miles, N. E. Miller, W. D. Neff, Carl Pfaffmann, and Leonard Carmid y 
Of the 42 new research scientists elected to the Academy this year, 
was a psychologist, Floyd Ratliff, of the Rockefeller University. 
Miller is the present Chairman of the Sections. A dinner for psychi 
members was held at the Cosmos Club on Monday evening. 

Among the papers given of interest to psychology were the follo! 
"Visual Orientation in Homing Bats," by D. R. Griffin with T. C. Willis 
and J. M. Williams; "New Psychological Conceptions of. Memory; 
J. P. Guilford; “Extending the Domain of Learning,” by N. E. 


” Reported in part at the XXI 


II Internati : ec 
in Tokyo, Japan, September, 1965 rnational Congress of Physiologic: 
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THE 1966 MEETING OF THE AMERICAN PHILOSOPHICAL SOCIETY 


The Annual General Meeting of the American Philosophical Society 
was held at the house of the Society in Independence Squate, Philadelphia, 
April 21, 22 and 23, 1966. 

No psychologist was among the twenty new members elected. The twelve 
American psychologists who are members are F. A. Beach, E. G. Boring, 
Leonard Carmichael, C. H. Graham, H. F. Harlow, Heinrich Klüver, 
Wolfgang Kohler, W. R. Miles, Carl Pfaffmann, C. P. Richter, B. F. Skin- 
ner, and S. S. Stevens. It is interesting that all psychologists who are mem- 
bers of the Philosophical Society are also members of the National Academy 
of Sciences. For a number of years no psychologist has been elected to the 
Philosophical Society who was not at the time of his election already a 
member of the National Academy of Sciences. 

E. G. Boring is Chairman of the Committee on Publications. He reported 
on the extensive publication program of the Society. The issues of the 
Transactions, the Proceedings and other publications of the Society have 
been well received. The number of subscriptions continues to increase, 

The Committee on Research, of which Leonard Carmichael is à mem- 
ber, made during the year approximately 350 grants of money for specific 
projects. A number of these were in psychology. 

The total invested funds of the Society are now in excess of $25,000,000. 

The Karl Spencer Lashley prize for “useful and significant work" in the 
field of “neurobiology” was awarded to Hans Teuber. 

The National Geographic Society LEONARD CARMICHAEL 

Washington, D.C. 


John Edward Anderson: 1893—1966 


John Edward Anderson died at the age of almost seventy-three years 
in Chattanooga, Tennessee, May 10, 1966 after a long, debilitating ill- 
ness. Born in Laramie, Wyoming, June 13, 1893, he took his baccalaureate 
work at the University*of Wyoming and earned his advanced degrees in 
psychology at Harvard. He completed the doctorate in time to enter the 
military service early in World War I and became head instructor of the 
School of Military Psychology at Camp Greenleaf in Georgia. During that 
time, he married Dorothea Lynde of Chattanooga, Tennessee. From mili- 
tary service, he went to Yale, where he taught from 1919 to 1925, During 
this period he served as Secretary of the American Psychological Associa- 
tion, the first of the many significant offices he was to fill for his profes- 
sion, 
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In 1925 he was offered a position at the University of Minneso 
Director of its newly established Institute of Child Welfare, one o! 
such institutes financed by the Laura Spelman Rockefeller Memorial F 
This position he held for thirty years. He retired as professor fr 
University of Minnesota in 1961, still full of energy and plans for 
tinuing his work, but steadily failing in health. J 

For his entire mature life Anderson was an active contributor to 
science and profession of psychelogy, as well as a vigorous individ 
in higher education, for he deplored all trends toward the professor as 
trepreneur in the academic marketplace. 

In his numerous papers, in his many contributed chapters to handb 
and in his seven books, he made his primary contribution. As an 
of books and of the Psychological Bulletin from 1942 to 1946, he 
direction to the scientific writing of others. with an editorial pencil 
sive, sure, and frequent. 

His work ranged over surveys of parent education, papers on la 
and social development and theoretical contributions on the study of 
tal growth. Appropriate for the new science of developmental psycholoy 
many of his research papers were descriptive, normative studies, th 
he remained sensitive to the power of the experiment. 

What was probably his most important theoretical paper appeared. 
in 1939 in the Journal of Psychology. Dealing with the overlap hypol 
it showed how uncorrelated increments in growth may nevertheless con 
tribute to a highly predictable end-status. The paper provided a ration 
basis for many phenomena observed in longitudinal studies of mi 
growth and constitutes one of two or three principal theoretical 
butions to the mathematical expression of the phenomena of gro t 
Anderson also contributed a number of important surveys and critical re 
views of the literature. His chapter on the methodology of child psycholog 
in Carmichael's two Manuals of Child Psychology was long a classic. 

As Director he established Minnesota's Institute of Child Welfare a 
a solid contributor to research and gave significant direction to the s 
of child psychology in this country for more than three decades. His v 
for the 1930 White House Conference on Child Health and Protection 
Chairman of the Conference Committee on the Infant and Pre-scho 
Child led to the most comprehensive program of normative studies on th 
status and welfare of young children conducted in this country. Withot 
the data collected by this Conference and published in some twenty 
umes, the marked progress in social welfare, health care, and education: 
facilities for young children in the 1930's could not have occurred $ 
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rapidly. He wrote two volumes in this series, Nursery Education (1931) 
and The Young Child in the Home (1935). With his colleague, Florence 
Goodenough, he developed the first empirically validated scale in social 
and child psychology for assessing socio-economic status, The Minnesota 
Occupational Scale, a device for insuring representativeness in sampling 
for normative studies. He was also a member of the 1940 and 1950 White 
House Conferences on Children and contributed a background paper for 
the 1960 Conference, . 

John Anderson was a dynamic, exciting teacher, capable of making ideas 
arresting. His students remember his many apt, aphoristic remarks, This 
quality made him sought after as a speaker, an activity for which he found 
time in a busy professional and personal life because he firmly believed 
in the importance of interpreting knowledge. He was also a contributor to 
the general education movement. His course of lectures in the early 1930's 
in Minnesota's General College later appeared as The Psychology of De- 
velopment and Personal Adjustment (1949), an excellent example of 
cross-disciplinary, integrative, interpretative writing. 

It was, however, as an officer of professional and scientific societies and 
a member of state and national boards and commissions that John Ander- 
son had his most marked impact on his profession as well as on public life. 
He was President of the American Psychological Association in 1942-1943 
at a critical time, for the Association was simultaneously caught up in 
World War II and in the resolution of the first major confrontation with 
the issue of the profesional vis-à-vis, the scientist, a dilemma which led 
to the synthetic reorganization of the association in 1945. He also served 
the National Congress of Parents and Teachers, being for five years Chair- 
man of its Committee on the Exceptional Child, and he was Vice-President 
of the state of Minnesota's Congress for two different three-year terms. 
At different times he was Vice-President of the American Association for 
the Advancement of Science (Section I, Psychology), President of the 
APA's division on developmental psychology and its division on maturity 
and old age, and president of the Society for Research in Child Develop- 
ment. 

Like so many others in the movement concerned with child development, 
he shifted his interest from the behavior of young children to the study of de- 
velopment as process, and then to a concern with these processes in the 
later years of life. He edited the Psychological Aspects of Aging (1956) 
for the American Psychological Association, was a member of the National 
Conference on Aging (1960) and the National Advisory Committee of 
the 1961 White House Conference on Aging, and was Chairman of its 
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Planning Committee on Research in Gerontology in the Psychological and 
Social Sciences (1961). He was also a member of the Minnesota Com- 
mission for Aging for five years. 

John Anderson had a keen sense of the requirements of university life, 
He saw the position of professor in the state university as an office of 
public trust, with distinctive responsibilities, Academic freedom was for 
him no academic issue merely to be defended on principle; it was a right 
earned by unswerving honor paid to these responsibilities. On all debat- 
able issues his position was made abundantly clear. 

Administrator and scholar, teacher of university student and layman, 
university citizen and man of public and professional responsibilities, 
John E. Anderson filled all these roles energetically and with distinction. 
Developmental psychology today is thriving because a handful of men 

gave it life and careful nurture. Prominent among them was John E. 
Anderson. 
The Pennsylvania State University Dace B. HARRIS 


BOOK REVIEWS 
Edited by T. A. RvAN, Cornell University 


The Exercise of Influence in Small Groups. By TERENCE K. Hopkins. Totowa, 
New Jersey, Bedminster Press, 1964. Pp. viii, 205. $6.50. 

The Exercise of Influence in Small Groups is itself an important exercise—an 
exercise in theory construction. Because it is one of the finest efforts of its kind in 
the literature to date, it warrants a more detailed and critical examination than is 
usually the case in reviews. The work represents an addition to the small but grow- 
ing number of attempts to set forth systems of propositions in the social and psy- 
chological sciences which endeavor to employ one of several axiomatic models, In 
this case, Hopkins presents fifteen two-variable propositions asserting, at least at 
first, a symmetric relationship between five ordinally scalable properties of small 
group membership-status: “influence,” “rank,” “centrality,” "obvervability," and 
“conformity.” Six of these propositions are purportedly derived by application of the 
axiomatic schema advanced by Zetterberg. Indeed, Zetterberg himself, cites this 
effort as "an acceptable scientific theory” and, therefore, he presumably considers it 
an adequate application of his model (H. L. Zetterberg, On Theory and Verification 
in Sociology, 1965, 15). 

After a brief introduction, Hopkins defines the concepts, the units of analysis 
and properties, which are to be the components of the elementary theoretical proposi- 
tions of his theory. The unit of analysis is the "small group,” which is defined as 
that sub-class of “groups” high in observability potential, high in face-to-face inter- 
action, and possessing no sub-groups. A "group" is defined as an aggregate of people 
having a relatively high degree of normative consensus, interaction density, compli- 
ance to normative expectations, member and non-member consensus on membership 
status, visibility of norm-relevant behaviors, and stability in status-ranking. Together, 
these nine properties constitute a range definition of "small group” and demarcate 
the theoretical domain. As such, they may be viewed as a set of limiting conditions or 
givens for the propositions which are advanced later. The empirical, theoretical and 
formal problems which these complex unit-characterizing properties present for the 
validation of Hopkins’ concepts of membership-status and the verification of his 
propositions are crucial te any rational assessment of his theory. Yet only scant atten- 
tion is given to them. Indeed, none of the studies called upon in support of the 
Propositions of his theory report measures on all of these properties, only a few 
report measures on any of them, and only rarely is an allusion made to the possi- 
bility that a case may not fulfill the requirements. At best, this range definition of a 
small group sensitizes the researcher to examples of human aggregation which are to 
be excluded and included, but its formulation leaves an enormously large zone of 
indeterminacy for the selection of cases. Minimal empirical adequacy would require 
at least one comparative limit-setting measure for each of these properties, which 
Hopkins acknowledges do not exist at this time. 

Within the "small group" an "interacting system" is characterized in terms of five 
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membership-status properties. These properties are: "rank," a members g 
prestige in the group relative to matters of group functioning; “centrality,” the 
quency-range rate of a member's interaction with other members of the group; “ob 
servability," a member's knowledge of group norms; "conformity," a member's 
ment with group norms; and "influence," a member's ability to change or maini 
the norms and norm-relevant behavior patterns of the group. By definition, all oth 
properties of the "small group," fall into a residual class constituting the "em 
ment" of the "ineraction system." In light of the conceptual and operational pi 
lems the membership-status properties raise and considerable evidence from 
group studies, the assumed relative sysfemic autonomy of these properties app 
premature. Many of these difficulties are appreciated by Hopkins and receive spe 
attention in short appendices and in later chapters of the book. Among these p 
lems for example, is the possible multidimensional and uncrystallized character 
"rank" in small groups, the difficulties in summating frequency and range indices 
interaction into a single "centrality" measure, and finally, the exclusion from 
system of such major factors as the "rank of other,” the "content of interaction,” 
the like. Most problematic of all is the validational status of Hopkins’ focal vatiabl 
“influence.” As the author acknowledges, in no study cited is "influence" meas 
in a manner consistent with his formulation of the property. By implication, in th 
absence of direct empirical evidence, support for his theory of “influence” 
solely upon its intuitive and heuristic significance and the logical and empi 
merits of the propositional system in which it is embedded. 
The nature of the relations alleged to hold between properties in the propositi 
is rendered problematic from the very onset by the presentation of diagrams showi 
one-way and two-way arrows suggesting both assymmetry and symmetry. Nevertheles 
in Chapter 3 the author states 15 propositions having the form >X, >Y, and we 
explicitly told they are positive, symmetric, and therefore, presumably static, Statis 
tically, they may be represented simply by high correlations. Following Zette 
we are told that a full twenty propositions may be generated, but Hopkins does 
bother with five "because they are not particularly interesting" (p. 52). This is : 
curious remark in view of the fact that, assuming Hopkins’ logic to be sound, 
can deductively generate all of the other 16 from only 4 of these “uninter 
propositions, and the falsification of any one of them would render the whole system 
untenable. In point of fact, the logical validity of his derivations is suspect. As 
ner and Leik “Deductions from ‘Axiomatic Theory, " (ASR 29, 1964, 819-83 
have shown, the deductive procedure in this work when statistically formulated 
sumes the "sign rule" and is invalid if the association is less than unity, This 
author does not claim for his variables. On the other hand, Hopkins does assume 
relatively closed system and translates these symmetric relations into causal, as 
metric form by implication at least when he states the propositions in "sequel 
taking the form 7X leads to >Y. The consequent ambiguity as to the nature 
the relationship(s?) renders the logical status of the derivations in the theory d 
cult to assess. Unfortunately, these formal problems do not appear to have recei 
the detailed attention they require. In this connection, neither the concepts nor the” 
propositions of the study are presented in a truly axiomatic form. While propost- 
tions are labeled "basic" and “derived,” the rationale given for their ordering is 
unconvincing to this reviewer. We are not told that the "basic" propositions con- 
stitute a minimum set ordered either in terms of their verificational status or rela- 
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tionship to the focal property "influence," but merely that they are "substantively 
important" (p. 52). If the systemic assumption is correct, all of the propositions are 
equally substantively important. The evidence supporting each of the 15 propositions 
is rated by Hopkins as "good," "some," and "none" (p. 97). Others might find some 
cases in which the evidence is a bit over-stretched and a few theoretically critical 
cases involving his focal variable, "influence," in which Hopkins can not find any 
evidence at all. 

In the next two chapters, Hopkins discusses three interesting applications of the 
theory. The first concerns an analysis of leadership using descriptive data taken from 
Whyte's S/reet Corner Society. The second draws upon the propositions of the theory, 
now in temporal sequences, to describe the distribution of “influence” in a study 
conducted by the author. Drawing upon a broad range of sources, the third and most 
important application describes a "rank-influence process" which is seen as contrib- 
uting to the conjunctivity of “rank” and “influence” in small groups. While it is 
not possible on the basis of these applications to draw any conclusions as to the 
verificational status of the theory which informs them, they do provide several in- 
sightful leads and refinements that would repay systematic research, 

Despite the fact that the principal conclusion of this reviewer must be that this 
ambitious little book does not present a minimally adequate theory of group influ- 
ence, it does advance a frame of reference worthy of serious study by students of 
theory construction and small groups alike. Those of us who share with Hopkins 
a concern for the development of theories in our adolescent disciplines cannot but 
be encouraged by his contribution. I for one look forward to the future empirical 
testing and formal refinement of Hopkins’ proto-theory. 

State University of New York at Binghamton SAMUEL F, SAMPSON 


Mach Bands: Quantitative Studies on Neural Networks in the Retina, By FLovp 
RATLIFF. San Fracisco, Holden-Day, Inc. Pp. xii, 365. $11.75. 

Floyd Ratliff has given us an insightful, systematic, and at the same ume, excit- 
ing account of the brightness contrast effect now known as Mach bands. These per- 
ceived light or dark contours are related to certain spatial distributions of illumina- 
tion, but they are completely ‘unexpected’ in terms of conventional physical meas- 
ures of the light distributions which elicit them. Part I, the major portion of the 
volume, is entitled "On neural networks and the problem of objectivity" and here 
Ratliff presents his own integrative review and discussion of the phenomenon and 
related topics; in Part II entitled “Mach’s papers on the interdependence of retinal 
points," Ratliff provides us with excellent (and long overdue) translations of six 
of Mach's original German, papers, five published between the years 1865-1868 and 
the sixth in 1906. We ourselves have long considered Mach's papers to be brilliant 
s and can think of nothing more complimentary to say about Ratliff's Part I 
than. that, face-to-face, or back-to-back with the original papers, it holds its own as 
à remarkable updating of Mach's work. 

A reviewer is hard pressed to improve on Ratliff's own overview and summary 
that he gives in an introductory section. Chapter 1 presents a brief sketch of Mach's 
life and work, and "emphasizes the origin, development, and eventual influence of 
his view of science and epistomology.” In discussing Mach's breadth of interests, 
in physics, sensory phenomena and their interpretations, and philosophy of science, 
Ratliff conveys his own admiration for the man and his point of view. To our dis- 
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appointment, he does not here relate Mach's thinking about sensory problems to 
of his contemporaries with whom his views were in sympathy. In a later chapter 
cerned with the interpretation of Mach bands, Ratliff says “He dismissed as m 
ingless all of the then current explanations such as ‘It results from an unco 
inference,’ or ‘It must be only an illusion'," (p. 98). Statements of this sort 
place Mach alone in his time, which is historically misleading. Mach and 
were contemporaries and colleagues at the German University at Prague for 25, 
from 1870 to 1895, at which time Mach departed for Vienna and Hering 
Leipzig. It was against “unconscious inference,’ as expounded primarily by 
holtz, that Hering argued in his own insistence on reciprocal and mutually a 
physiological processes of neural interaction to account for color and brightn 
trast phenomena, 

Chapter 2 summarizes Mach's original psychophysical investigations of the 
which bear his name, and discusses methods for their production and psycho} 


viewed in detail, and discrepancies and unresolved issues are pointed out. Oi 
issue is that of color effects. Here Ratliff seems to accept the conclusions of 
investigators who believe that luminance differences are necessary for the pro 
of Mach bands, although we ourselves can confirm Mach's original obs 
which led him to state “I have repeatedly stressed that the theory is also app! 
to the phenomenon of color contrast" (p. 305) and "That the law holds o 
combination of colors, I am equally convinced" (p. 315). 
Chapter 3 is especially impressive. In it Ratliff reviews in rigorous mat 
detail and with great expository clarity six of the mathematical models, 
Mach's own, which have been proposed to explain Mach bands and similar 
effects. Having outlined each model and categorized it as stimulus- or re! 
dependent, linear or non-linear, Ratliff points out the common conceptual pi 
on which they are all based. "Reduced to their bare essentials, the six modi 
really one and the same, since the same basic neural processes—excitatory infh 
opposed by surrounding inhibitory influences—merely masquerade in slightly d 
ent mathematical forms in each of the several models" (p. 120). It seems cl 
any attempt to handle contrast effects at all must be based on this comn 
ciple. Our own model, which is a response-dependent one, non-linearly rela 
stimulus-inputs in three variables, applies the same principle to three respon! 
ables in order to encompass both color and brightness contrast and constancy 
nomena, i 
Ratliff s "words of caution" at the end of this chapter are significant on 
emphasizes that models narrowly based on the Mach baad alone are unlikel 
correct, and we agree with him that opposed excitatory and inhibitory influen 
so far reaching in vision that the more broadly comprehensive a model is, 
fuller will be our understanding of both the nature and significance of i 
processes in the retina and elsewhere in the nervous system” (p. 141). 
Chapter 4 entitled “The functional significance of inhibitory interaction 
modern electrophysiological studies of inhibitory interaction in the retina wil 
phasis on the Limulus retina and the work of Hartline, Ratliff, and their a 
The evidence for inhibitory interaction and its role as a sharpening or 
mechanism to accentuate visual contours are discussed in illuminating detail. 
over, Ratliff takes advantage of the Limulus interaction material to lead the 
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through a meaningful discussion of a variety of highly complex patterns of vertebrate 
neural responses to particular spatial, spectral and temporal patterns of illumination. 

In Chapter 5 "Appearance and reality," the relevance of the Mach band is brought 
to bear on the broad distinction between properties of the observer's senses and 
properties of the object observed. Here three intriguing examples from the history 
of science point up the importance of the distinction, and alert the reader to com- 
parable problems that arise in the use of instrumental aids to observation. The chap- 
ter concludes with a general discussion of "knowledge" and “objectivity.” 

Mach's own papers are a beautiful example of scientific method. He observed the 
contour phenomenon and, since it did not reflect the spatial distribution of the light- 
stimulus directly, he sought, and found, a description of that aspect of the stimulus 
to which it could be related; namely, the second derivative of the spatial light distri- 
bution. Since he had observed it first on rotating disks, he ruled out its dependence on 
stimulus-motion by photographing the disk and observing the photograph. To deter- 
mine its dependence on eye-movements, he observed it with instantaneous spark- 
discharge illumination, Convinced that the phenomenon depended on opposed interac- 
tions among physiological elements in the retina, he developed a model to describe 
these interactions. It is of more than passing interest that Mach's own model of 1868 
actually describes correctly more aspects of the Mach band than do most of the 
other more recent mathematical accounts. 

We think this is an important volume that will appeal to many non-specialists as 
well as being a must for specialists in the area. 

University of Pennsylvania DOROTHEA JAMESON and Lro M. HURVICH 


Patriotism and Nationalism: Their Psychological Foundations, By Leonard W. 
Doos, New Haven, Yale Univ. Press, 1964, Pp. xiii, 297. $6.75. 

In this book Professor Doob has covered a large amount of factual material (from 
psychologists such as Frenkel-Brunswik, Buchanan and Cantril, Hartley, Pettigrew; 
from representatives of other disciplines such as Almond and Verba, Stouffer, Quincy 
Wright, and James C. King; and especially from his own studies in Africa and in 
South Tyrol). He has used this material as a basis for a theoretical picture of the 
psychological factors promoting patriotism and nationalism, and, much more briefly, 
he has brought this picture to bear upon the problems of building an international 
society in which international loyalty may take the place of both patriotism and 
nationalism. 

There are few social psychologists today who would disagree with the author's 
Statement that "nationalism—as well as patriotism— is related to war, and war is 
actually and potentially so* destructive that it bestows pervasive significance upon 
any related topic.” From this standpoint perhaps the most useful part of the book is 
the group of three chapters (10-12) in which the author first outlines 23 typical 
“justifications” of nationalistic actions or demands, and then uses them as cate 
Bories for a kind of content-analysis of a number of statements about war aims, 
including declarations of war by Hitler, Ribbentrop, Mussolini, the Japanese Em- 
perior, Daladier, Chamberlain, Molotov, and Roosevelt. While the classificational 
Scheme can be questioned at a number of points it has the virtue of realistic com- 
plexity, Many readers will want to condense it, but those who study it carefully will 
realize that they can hardly condense it much without sacrificing realism in depicting 
a reality that is itself highly differentiated and complex. The application of it to 
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statements of war-aims in World War II is fascinating. Among other 
documents and pins down the not-too-surprising but basic generalization that 
major belligerent in World War II (as North and others have shown with 
to World War I) proclaimed a love of peace and described the war as fore 
it by the diabolical acts of its enemies. The Japanese Emperor, for instance, 
has been truly unavoidable and far from Our wishes that Our Empire has 
brought to cross swords with America and Britain . . ." 

The extent to which these public statements were believed by those who 
them is one of the deeper questions that the author does not systematically discu 
In fact this reviewer felt a need for clearer and more thorough discussion. 
number of basic issues, especially those centering around the definitions a 
by the author to the two central terms, "patriotism" and "nationalism." 

As he defines it, “patriotism” is love of country, while “nationalism” 
chiefly of the “demands” that a person who loves his country may make i 
behalf, His formal definitions (p. 6) are: 

“Patriotism: the more or less conscious conviction of a person that hi 
welfare and that of the significant groups to which he belongs are dependent 
the preservation or expansion (or both) of the power and culture of his 

“Nationalism: the set of more or less uniform demands (1) which peop 
society share, (2) which arise from their patriotism, (3) for which justi 
exist and can be readily expressed, (4) which incline them to make persona 
fices in behalf of their government's claims, and (5) which may or may n 
to appropriate action,” 
The relationships between love, identification, and the rational pursuit of indiv 
“welfare” are not really clarified, here or elsewhere. 

There is nothing, moreover, in these definitions that brings out the 
honorific connotations that nearly always attach to the term "patriotism" 


If this were a merely semantic question it would not be important. Any 
should have the privilege of defining his terms in any way he likes, even th 
it may depart from common usage, providing that his own definitions are 
and Doob's definitions are at least fairly clear. But it can be argued that his i; 
of the positive and negative connotations normally associated with these word 
led him to ignore or minimize at the same time a psychological problem. of « 
importance: is it possible to keep what is "good" in patriotism (loyalty, let 
or willingness to make individual sacrifices for the common good) and at the 
time to eliminate or minimize what is "bad" in nationalism (e.g. ethm 
prejudice, the tendency to see certain other countries as diabolical, or an e 
concern with one nation's power, prestige, and absolute sovereignty) ? 

This is not a merely semantic question, nor can it be avoided by ca 
question of personal values and therefore not a proper subject for scient 
vestigation. The reality ordinarily denoted by the term "loyalty" is simply 10 
same as the reality ordinarily denoted by the term “ethnocentric prejudice,” | 
though they may be closely related. Unless they are distinguished we are not 
to get very far in either our psychological analysis or our practical efforts to 
war in a world in which nationalism is, as Doob says, perhaps "the most im] 
problem of this century." 

George Washington University Raren K. Wi 
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The Explanation of Behavior. By CHARLES TAYLOR. New York, The Humanities 
Press, 1964. Pp. x, 278. $6.75. 

It is a human failing to tire of those ideas that we can neither refute nor accept. 
Because most of the ideas in what we call “learning theory" are too vague to be con- 
tradicted and too contrived to be plausible, it is difficult to think about them long 
enough to find out what exactly is wrong with them. Many tell us to forget them 
and to find some better ideas to put in their place; but such advice is impertinent. 
Until we understand exactly what is wrong with the old ideas, how can we hope to 
recognize, let alone discover, new ideas that are better? However, when this advice 
is embellished with general remarks about scientific theories, the history of science, 
and with a quotation or two from Conant or Bergmann, many readers seem willing 
to accept such spiritual uplift in place of practical advice. It is always comforting 
to think that our failure to clear up our fuzzy ideas reflects a broad cosmic failure 
of scientific theory in general. If the physicist can tolerate the indeterminancies of 
quantum-mechanics, what right have we to complain about the fuzzy indeterminancy 
of our own theoretical ideas? 

Charles Taylor's book, The Explanation of Behavior, is directed to those readers 
who reject such spiritual uplift, and who want instead to know exactly what is 
wrong with these old ideas, Taylor, a philosopher by trade, has made it his business 
to study the experimental literature of animal learning, and he believes that a care- 
ful examination of all the arguments of all the S-R theorists and of the behavioral 
evidence, shows that such theories cannot account for the purposive character of 
behavior. To illustrate, he believes that Harlow's studies of learning sets prove that 
animals have the ability to select cues that they believe are appropriate to what the 
animal thinks is the problem to be solved, In such problems the animals “learned 
what a given positive or negative trial ‘proved’.’”” Neither Restle nor Broadbent, he 
says, can deal with such evidence without begging the question. Taylor also believes 
that the latent learning and the spatial learning studies show that animals have the 
ability to improvise a new act that they think will fit the demands of the problem to 
be solved. Although many S-R psychologists have tried to explain away these facts, 
Taylor argues effectively that none of these explanations will account for the facts. 
Although most psychological readers will be familiar with the issues in this contro- 
versy, few, if any, will ever have seen these issues treated as thoroughly and as 
clearly as Taylor treats them in this book. 

There is, I think, one serious fault in this book, but it is a fault that was perhaps 
inescapable, Let me explain. Taylor devotes the first half of his book to an exposi- 
tion of what he means by purposive behavior and by a purposive explanation of 
purposive behavior. In the second half, called “Theory and Fact,” Taylor presents 
his marvelous critique of the shortcomings of all S-R theories. Few readers will make 
much sense out of the first half until they have studied and understood the second 
half. Once you grasp exactly what is wrong with each of the S-R theories then, and 
only then, are you prepared to consider what he has to say in the first half of the 
book. Of course it is an easy matter to read the book backwards (and I recommend 
Such a reading especially to psychologists), but when you do this, you suddenly 
realize how much better the book would have been had it been written in the reverse 
order. Thus, after reading the second half of the book, the first half seems, by 
contrast, weak, hesitant, abstract, and even vague. It seems, in fact, to be no more 
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than a routine philosophical analysis of the idea of purpose done in the 
of the ordinary-usage philosophers. : 
When I think of what Taylor might have said about the purposive anal 
behavior if he had begun with the various facts that discredit the S-R theori s 
a picture of a book that might have shaken the world of psychology from its d 
dogmatic slumber. But it is a mean and nasty critic who damns a good bool 
cause he thinks it could have been better. Let me end by saying then that 
book is the best book that has ever been written on the logical and empirical 
lems in the explanation of behavior. Those who doubt this reckless statement 
read the book and decide for themselves. Those who believe this reckless sti 
must read the book to see what I mean. If you will only follow this simple" 
the book will get the wide audience it deserves. 
University of California, Bensow F. R 
Berkeley 


The Mass Consumption Society, By Grorck Katona. New York, McGraw 
Book Company, 1964. Pp. viii, 343. $7.95. 
Psychologists will probably view this work of George Katona with ambi ale 
On the one hand, he establishes an important role for psychology in understam 
and directing the working of our economy. On the other, he advocates some po 
which violate the general social ideology of psychologists, such as that stimu 
of people's wants is a good thing because, as their wants grow, they find new 
of earning money and this will increase the productivity of the economy. 
Perhaps I have sharpened Katona's position on consumer wants just a 1 
(although certainly not much) for the sake of drama. But the fact is that this 
is full of surprises for both the economist and the noneconomist. Some 
Surprises come directly from his view of our present economy, The central th 
his approach is that many things that the consumer buys—houses, such durable 
vas automobiles and appliances—should properly be considered, at least in part, à 
Investment, Furthermore, the consumer has a good deal of discretion as to how 
he will spend over a particular time-period. Therefore, the consumer's spendi 
intention to spend are not merely at the disposal of the output of the economy | 
an important factor in its growth. For this reason, Katona and his colleagu 
the Survey Research Center have worked for the past two decades in p 
their methods of measuring consumer buying intentions as a method for pre 
the performance of the economy, 


The logic of his position and his data certainly support the notion tl 


intentions to buy affect his behavior, Even if Katona’s data indicated that. 
date his procedures had had no success (and this is certainly not true), one wo 
have to stick with his logic and contend that he had only yet not hit on the 
method of measuring intentions. But, as I have said, he has already demo 
considerable success, and my reservations are solely in my own competence to 
the importance of his contributions to economic forecasting. : 
On the other issues, his record is a heartwarming testimony to gatheri 
while others pontificate. It has been taken for granted in some quarters that p 
plans will encourage people to spend freely rather than provide for their . 
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Katona's data, however, support the contradictory hypothesis; namely, when people 
have a security base in the form of some reasonable pension plan, this encourages 
them in the worthwhileness of making the effort to save additional funds for their 
retirement, 

Or, it seemed self-evident that if people expected inflation and had plans to 
buy something fairly expensive, they would hasten to buy it before prices increased, 
There are two relevant findings in his data that are not self-evident, The basic one 
is that the American people distinguish between a gradual inflation and a runaway 
inflation. At various points in the postwar period (World War II), they have 
correctly anticipated inflation. But this did not lead to any panicky fear of runaway 
inflation. And, on the basis of this anticipation of the gradualness of the inflation, 
they acted in just the opposite way from that posited in the sentence with which I 
opened the paragraph: Rather than running to buy things, the exhibited their 
disapproval of what they considered to be unfair prices and deferred their purchases ! 

Katona would be the first to say that this is an unusual book for a psychologist 
to write, or read, or for that matter to review. He has been doing unusual pioneering. 
work. It is probable that few psychologists will want to read the entire book, 
although I would hope that some psychologists and many economists would. 
Basically, it is a testimony to the value of the economic information one can gather 
directly from people via the survey method. May we hope that, in the future, 
books such as this will be less unusual. 

Harvard University RAYMOND A, BAUER 


Child Development: Volume IL. Universal Stage of Infancy. By SipNzv W. Bijou 
and DonALb M. Barr, New York, Appleton-Century-Crofts, 1965. Pp. x, 183. $1.75. 

Behavior and development in the human infant are currently attracting consider- 
able attention from psychologists. A brief text on infancy could be especially timely, 
integrating knowledge in a field in which there is much new research. But, although 
developmental psychologists will want to be familiar with this systematic statement 
about infancy by two respected colleagues, probably few will find it useful as a 
text, partly because its coverage is so truncated. 

This is not a book about infants nor about psychological approaches to infancy; 
instead it is an account of how Skinnerians think about infants. Little attention is 
given to other work which psychologists find interesting. Erikson is mentioned not 
at all and Piaget is mentioned but twice, in sentences which will carty meaning only 
to those already familiar with his contributions. The voluminous research literature 
on the infant disciplines nd their possible implications for psychological develop- 
ment is disposed of by a parenthetical allusion to Caldwell's excellent 1964 review. 
The challenging studies of maternally deprived infants are dealt with by a brief 
discussion of early Spitz and Goldfarb papers and Rheingold's 1956 study, with no 
reference to the more recent work by Yarrow, Bowlby, and others. Harlow's exciting 
Program of research on the effects of rearing conditions on development in the 
thesus macaque is represented by a three-paragraph description of a few of his 
earliest findings, published in 1958. Bayley's extensive studies of intellectual devel- 
opment in infancy receive one sentence. There is no mention of the work of Bridger, 
Escalona, Graham, Kagan, Lipton. 

How, then, do the authors fill their 180 pages? They apply the Skinnerian ap- 
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proach to development—as outlined in the first volume in their projected four-vol 
series of paperbacks on Child Development—to the infancy period, On the face 
the matter, Skinner and an infant would seem to be a good match. The young human. 
is an organism whose behavior can readily be understood as adaptively mediating 
between strongly experienced needs and the reinforcement contingencies in his sute 
roundings, He possesses neither language nor other cognitive sophistications; his 
simple and crude psychological functioning seem isomorphic to the heavy-footed 
simplicities of Skinner's approach. It is no accident that in human research ope! 
conditioning has been especially successful with infants and with mentally reta 
and brain-damaged young children. 

‘The skillful behavioral technician needs, however, to know his subject intimately, 
and this book is not very successful in acquainting its readers with human infant 
The authors survey the behavior repertoire of the infant and catalog the stimuli to 
which he is responsive. But the abstract, clumsy, and obfuscatory vocabulary of thei 
theory, and their singleminded devotion to convincing the reader of the correct 
of their theoretical preferences, make their labor Sisyphean. j 

Infancy is “the universal stage” because the infant's commerce with his world is 
closely delimited by emerging expressions of his rapidly developing neuromuscutār 
ture, The common biological substrate for behavior is what makes infancy “universal, 
the term Bijou and Baer choose for the subtitle of this volume. The authors’ cover 
age of human infant biology is limited by their reliance on secondary sources which 
appeared a decade or two ago, and on primary sources from the 1930's. 

"The value of a clear and specific theory in generating hypotheses to guide expeti 
mentation in a laboratory is so well understood that it needs no defense here. The 
authors’ own experiments provide abundant evidence of the merits of adherence to 
theory. Orientation to a single theory may also be appropriate in an advanced treat: 
ment of a topic, intended to serve the needs of graduate students and other novice 
investigators. But it is another matter altogether to rely on a single theory for gui 
ance in the preparation of an elementary text. This book provides good coverage 
the relevant Skinnerian literature, but that literature is at present too scanty to pre 
vide an empirical foundation for a well rounded treatment of infancy. The result isa 
book which is specialized without being advanced, which displays the convictions 
of the authors without affecting those of the reader. 

Stanford University ALBERTA ENGVALL SIEGEL 


Distortion and Selectivity, By Per RAND. New York, Humanities Press, 1964, 
pp. xii, 272. $6.50. 

The somewhat enigmatic title of this book tends to conceal the fact that Dr. 
Rand is primarily concerned with the educational process. He reports the meth 
and results of an investigation involving 176 pupils attending the sixth grade in 
the Norwegian town of Porsgrunn. The major variables studied were test-anxietyy 
level of aspiration, performance in a number of arithmetical tasks, and recall 
correctly completed as well as interrupted tasks, 

The author's own research is prefaced with a detailed and critical review of 
related efforts, the initial two-thirds of the book being devoted to a discussion 
experiments in level of aspiration, perception, and memory. Rand brings together # 
number of topics which, although obviously related, have not heretofore been 
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subjected to any serious attempt at theoretical unification. The author's approach 
however, is critical as well as integrative, For example, in reviewing the literature 
dealing with experiments on level of aspiration, Rand questions the commonly ac- 
cepted generalization that knowledge of the results obtained by others in an experi- 
mental task influences level of aspiration more than knowledge of one's own per- 
formance, A subject who needs to feel successful may set his aspirations rather 
low and perceive his performance as rather high, Estimates of performance are 
frequently distorted, and the distortion, according to Rand, takes place as a result 
cither of selective perception or of differential forgetting and retention during the 
interval from perception to recall, 

These considerations lead the author into a detailed discussion of memory and 
perception, Several of the most widely accepted generalizations in this area are either 
called into question or are qualified, Considerable space is devoted to the “new 
look" in perception, and in particular, to the concept of perceptual defense, Al- 
though giving due weight to such criticisms as those of Howes and Solomon, Rand 
concludes. that. perceptual. selectivity and distortion is most probably explained in 
such terms as set, subception, and interference, 

Rand invokes cognitive dissonance theory to supply certain elements lacking in 
theories of aspiration, He views the amount of dissonance resulting from a trial 
on a certain task as a function of the difference between level of aspiration and 
level of performance when level of performance is the lower of the two, 

The author's own research enters as something of an anti-climax to the book, 
He sets himself the task of examining 37 hypotheses dealing with anxiety, aspiration, 
performance, and recall, This is a formidable undertaking, particularly when the 
sample consists of only 91 girls and 85 boys, The results are too complex to report 
here, but, in general, it was found that highly anxious boys tended to over-estimate 
their performances and to remember selectively tasks that they had completed cor- 
rectly, The girls, on the other hand, gave more realistic estimates of their per- 
formances and remembered mainly those tasks which they did not complete within 
the allotted time. The author refers rather diffidently to the samples that he studied 
as well as the measuring instruments that he employed; the former are conceded as 
rather small and the latter as not very precise. In addition, a considerable number of 
the observed tendencies did not reach a satisfactory level of statistical significance, 

In general, the book is to be recommended for its comprehensive and scholarly 
treatment of several related areas of research bearing upon problems of cognition 
and achievement. Rand has not merely reviewed the literature but has evaluated it 
in critical and insightful‘ fashion. Anyone who contemplates research in any of the 
several areas that Rand has covered would be well advised to read his monograph, 
His own experiments, while not providing answers to the many questions that he 
raises, will suggest possibilities that other researchers may pursue. 

University of Maryland Ex.iorr McGinnis 


Paired-Associates Learning: The Role of Meaningfulness, Similarity, and Familiari- 
zation. By Avant E. Goss and CALVIN F. Nope. New York, Academic Press, 
1965. Pp. xiii, 322, $13.50. 

The first two sentences of this volume are: “Summarized and evaluated in this 
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monograph are data and theories on the role in paired-associates (PA) lea 
meaningfulness, similarity, and familiarization of stimulus and response m 
of PA lists. Presented also are the designs, results, and conclusions of 12 1 
periments on PA learning in which one or more of the variables have been 
ingfulness, similarity, and familiarization of stimulus-members, response-men 
or both" (p. 1). The authors treat the issues of meaningfulness, similari 
familiarization in PA learning in eight chapters consecutively entitled "Introdi 
"Scalings of Meaningfulness," “Meaningfulness in Paired-Associates a 
“Theoretical Analyses," “Similarity,” "Familiarization," "Meaning and Asso 
"Summary, Significance, and Suggestions." In addition, 12 experiments are 
in the Appendix. 

The contribution of this book lies in its comprehensive summary of the 
and findings of studies in which paired-associate learning was studied as à 
of meaningfulness, similarity, and familiarization. Discussion of these topics 
organized and the volume thus serves as a reference to the area. Also, 
experiments presented in the Appendix contribute to the literature of the a 

One major deficiency of the book is that each topic is presented in terms « 
methods of study and research findings with virtually no discussion of the re 
between findings or the theoretical issues raised by the findings. Perhaps this Sly 
of presentation may be best described as analogous to reading only the method | 
results section of a series of journal articles. The unfortunate outcome of this 
of presentation is that the theoretical significance of the various topics is ní 
veloped. Chapter 4, entitled "Theoretical Analyses" does little to remi 
problem, although the use of recognition-responses is of interest. 

A second deficiency of the work is that it suffers from writing that may 
described as cumbersome. The authors, apparently trying to encompass virtual 
of the facets of a statement within one sentence, have produced a style y 
sentence structure which tends to obscure salient points, 

A third deficiency is that the 12 experiments reported in the Appendix 
integrated adequately. The authors mention the results of these experiments in | 
first eight chapters when the results are pertinent, but the authors provide li 
rationale involving the relation of the experimentation to the issues of the book 
why is FORM an important variable in the study of meaningfulness, similarity, 
familiarization? Why is the recall ys. anticipation comparison important? Th 
apparent answer is that it is of interest to generalize results. PX 

Finally, it is of interest to ask what influence this work will have compared 
the most recent book in the area (B. J. Underwood and R. W, Schulz, Meanin 
ness and Verbal Learning, 1960). There have been 118 citations of Underwo 
and Schulz's book in the Journal of Experimental Psychology (since 1961) # 
Journal of Verbal Learning and Verbal Behavior (since 1962). In the ne 4 
years, there may be as many citations of the Goss and Nodine work, Many 
former citations, however, have been in reference to conceptual notions 
the response-learning—associative learning distinction and the spew hypo! 
whereas citations of Goss and Nodine probably will involve reference t0 
summary of experimentation or to their specific experiments, Thus, because € 
general lack of conceptual distinctions or theoretical development, the imp 
the Goss and Nodine work will probably be considerably less than that of 
wood and Schulz's book. 1 

University of Pittsburgh JAMES F. ` 
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Organizational Psychology. By EpcAR H. ScugiN, Englewood Cliffs, New Jersey, 
Prentice-Hall, 1965. Pp. xi, 114, $3.95 (cloth), $1.50 (paper). 

This modest volume—like its predecessors in the Foundations of Modern Psy- 
chology Series—was written with a very specific objective in mind. Its purpose is 
to provide the introductory psychology student with a concise but lucid and more 
detailed treatment of Organizational Psychology than is possible in the typical, 
general textbook in psychology. The author has done his work well. He writes in a 
simple and direct fashion; avoids the lure of complete coverage at the expense of 
detail and clarity; and perhaps most important, his judiciously selected concepts and 
findings are discussed in terms of a metatheory which enables him to provide a 
tightly organized and coherent picture of this comparatively new field. 

What is organizational psychology and how and why did it evolve? These ques- 
tions are answered by Schein in the first two chapters of the volume. Individual 
approaches to such traditional organizational problems as recruitment, selection, 
training, allocation and worker motivation, provided only partial solutions, What 
has evolved is a modern approach which conceives of the organization as a complex 
system which acts upon and in turn is continually acted upon by the broader social 
context in which it is embedded, Given this orientation, the various psychological 
problems of an organization noted above are not only seen as interrelated but their 
analysis moves to a concern with organizational groups and sub-systems, if not 
the total organization itself. Some of these traditional problems are examined in 
detail in Chapter 3 and subjected to analysis within the framework of a systems 
approach, 

In Chapter 4 Schein systematically considers the coürdination of behavior in 
tional settings via particular types of power or authority structures. In 
discussion the assumptions about the nature of man that underlie particular 
managerial strategies are carefully examined and evaluated. Thus, there is some truth 
in the "rational-economic;" the “social,” and the “self-actualizing” conceptions of 
man, but it is the integration of all of these assumptions into a conception of a 
"complex man” that is the most tenable approach in the light of existing data, The 
discussion that follows (Chapter 5) focuses on the nature of formation of psycho- 
logical groups in the organization—particularly with respect to the focal issue of 
their capacity to integrate organizational goals and the needs of the individual, The 
no less thorny problems of intergroup competition and conflict are then con- 
sidered in the final section of this chapter. 

"The final two chapters of the volume (Chapters 6 and 7) are much shorter than 
the earlier ones and for this reason tend to be somewhat less effective. This is 
especially true of Chapter 6 which examines vatious conceptual models of organiza- 
lions as complex systems, e.g. Homans, Likert, Trist, etc, In this instance brevity 
combines with abstractness and renders the discussion somewhat less than clear 
for the beginning student. The final chapter deals with organizational effectiveness, 
and within a systems framework this refers to the extent to which an organization 
can survive, grow, and adapt to an ever changing environment. "Thus, the criterion 
of organizational effectiveness is a multiple one which must necessarily involve 
Such relevant factors as the organization's ability to sense environmental change, to 
respond appropriately to it, and to evaluate its efforts to adapt to this change. 

Writing a concise but meaningful account of a psychological field of inquiry isa 
difficult task to say the least. Insofar as Organizational Psychology is concerned, 
Schein has more than met this challenge and produced a very useful volume. 

Brooklyn College HAROLD PROSHANSKY 
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The Rat: A Study in Behavior. By S. A. BARNETT. Chicago, Aldine, 1963. Pp. x 
288. $7.95. 

This book is a timely attempt to write an introductory text summarizing the 
threads of work by experimental psychologists (animal learning and motivatio 
types), physiologists (neurophysiological and endocrine types), and zoolog 
(ethological types), and weaving them into a coherent picture as sets of phenomen 
codetermining all animal behavior, while using the rat as an example. The autho 
writes on the assumption that "all of these activities are desirable, and that none i 
morally superior to any other" (p. xv), 

Two decades ago this assumption would have been merely idealistic; at present 
is practical. Using the author's imagery (p. xv), it is no longer easy to sit astride 
maze, at an oscilloscope, or behind a binocular, ignoring or criticizing the othel 


tion of the interdisciplinary Animal Behavior Society, already 500 strong, with it 
aggressive support of active collaboration with groups in both the American Psy 
chological Association and the American Physiological Society. 
The author's logistics are well thought out. The book is brief, well organized, 
clearly written, with a 41 item glossary and a well selected 344 item bibliography 
containing handy page references to their use in the text. The plates and figures 
pleasantly achromatic, containing the best collection of photographs and striking line 
drawings of "stop-action" rat behavior that the reviewer has seen. 1 
The author's examples are taken from two variations of wild rats as well as the 
laboratory albino, His topic selection is very broad, ranging from ecological factor 
in simple behavior patterns, through social behavior, hunger, thirst, reproductiv 
behavior, followed by a description of the classical types of learning and 
theoretical issues to which they lead in modern behavioral theory. All this 
rounded out by a summary of "brain and behavior," running from the work Øl 
Beach and Lashley through a discussion of some limbic and reticular determinant 
of behavior. » 
Although the author has a zoological bias, and is obviously most competent in the 
ethological literature, the coverage is surprisingly uniform. This is not readily ap 
parent, as reflected by the results of an informal poll carried out on several of th 
reviewer's colleagues. The comments were consistent; one ethologist thought il 
ethology was inadequate and superficial, but found the physiological section adequate, 
another berated its implementation of a comparative approach by limiting itself t 
the rat, yet found that the learning section wasn't bad. A physiologist thought th 
physiological coverage was superficial but the ethological section strong. A learning 
oriented experimentalist felt its theoretical summary incomplete, and so on. . « « 
The results of this poll reflect the still prevalent ferritoriality of investigators c 
animal behavior, a condition that this book, among the aforementioned trends, 
well help correct. Because of this some instructors may only be slightly ahead of the 
students in sections outside of their specialty. However, the work necessary to Com 
rect this will be minimal and the rewards well worth the effort. J 
The students who use this book will also profit from this effort, as they will 
learn early in their career that the study of animal behavior is truly interdisciplina 
whether one calls it Ethology as Barnett chooses, or by any other name. 
University of Illinois Harry L. JACOBS 
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IMPROVEMENT IN HABIT-REVERSAL AS A FUNCTION OF 
AMOUNT OF TRAINING PER REVERSAL AND 
OTHER VARIABLES 


By R. C. GONZALEZ, BARRY D. BERGER, and M. E. BITTERMAN, 
Bryn Mawr College 


Spatial habit-reversal as a function of amount of training per reversal 
has been studied in a variety of experiments with the rat.t In some cases, 
the variable seemed to have little effect, In other cases, however, more train- 
ing per reversal produced somewhat poorer performance in early reversals 
but somewhat more rapid improvement, with differences among groups 
tending rapidly to disappear as training continued. The potential impor- 
tance of these results for an understanding of the processes underlying 
Progressive improvement in habit-reversal prompted the further experi- 
ments on amount of training per reversal which are reported here. In the 
Present experiments, visual rather than spatial problems were studied, 
partly out of interest in the generality of the earlier spatial effects, and 
partly in the expectation that, if general, the effects would be larger and 
More stable in visual problems, which usually yield less rapid improve- 
ments on amount of training per reversal which are reported here. In the 
Of interest in generality) with both pigeons and with rats—the pigeons 


* Received for publication July 10, 1965. This research was supported by Con- 
tract Nonr 2829(01) with the office of Naval Research and Grant 9577 from 
the U. S. Public Health Services. i 
- J. North, Improvement in successive discrimination reversals, J. com . physiol. 
Psychol., 43, 1950, 442-460; Performance during an extended series of discrimina- 
tion reversals, jbid., 43, 1950, 461-470; B. H. Pubols, Jr., Successive discrimination 
reversal in the white rat: A comparison of two procedures, sbid., 49, 1956, 243-248; 
erial reversal learning as a function of the number of trials per reversal, ibid., 
Sh 1962, 66-68; E. J. Capaldi and M. G. Senko, Effects of trials-per-problem on 
Successive discrimination reversal learning, Psychol. Rep., 8, 1961, 227-232; R. G. A. 
Stretch, B. McGonigle, and R. S. Roger, Serial position-reversal learning in the rat: 
1 Preliminary analysis of training criteria, jbid., 56, 1963, 719-722; Serial posi- 
tion-reversa] learning in the rat: Trials/problém and the intertrial interval, 72/2., 
57, 1964, 461-465. 
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trained by two different methods, and the rats trained with two different 
amounts of reward. Some relevant data are also reported for an experiment. 
with the Japanese quail in which number of trials per session was varied 
in a series of criterion-reversals. 


METHOD 


Subjects. The Ss were 70 white Carneaux cocks, 48 Wistar rats, and 28 Jap- 
anese quail, all experimentally naive’ and individually housed in temperature-regu- 
lated laboratory rooms. The animals were on a 24-hr. training and feeding schedule 
for six days each week; on the seventh day they were only fed. The pigeons were 
maintained at 75% and the rats at 85% of free-feeding weight. The quail were 
fed to satiation each day. 

Pigeon-techniques. Two different techniques were used for the pigeons—the con- 
ventional key-technique and a new ingestive or magazine-technique.* In each case, 
the animal was trained in a ventilated picnic-chest divided into two compartments - 
by an aluminum panel, one compartment for S and the other for equipment. To ~ 
the key-animals, the panel displayed three pigeon-keys at head-level and the apet- 
ture of a grain-magazine at floor-level, below the center key (CK). To the maga: - 
zine-animals, the panel displayed a single (centered) key (the CK) at head-level 
and the apertures of two grain-magazines at floor-level, below the CK. In each case, 
a trial began after a 6-sec. intertrial interval (ITI) in darkness with the illumi- 
nation of the white CK. A peck at the CK turned it off and presented the dis 
criminanda—red and green side-keys for the key-animals (which pecked at one 
of the keys), and red and green illumination of the magazine-apertures for the 
magazine-animals (which responded by inserting the head into one of the aper 
tures, choice being detected by photocells in the lips of the apertures). In the 
key-situation, correct choice turned off the key-lights and presented the grain-tray 
for 3 sec, during which time the magazine-aperture was illuminated with white 
light. In the magazine-situation, correct choice turned off the colored aperture 
lights and produced grain in white light for 2.5 sec. (the variation in reinforce 
ment-duration serving to equate the amount of grain that could be taken in the 
two cases). A limited correction-method was used throughout: an incorrect choice 
produced a time-out in darkness of 6 sec., following which a peck at the white - 
CK produced another opportunity for choice; after five repetitive errors, a peck at 
the CK produced the correct alternative alone (guidance), and response to it was 
reinforced. The spatial arrangement of the discriminanda varied from trial to trial 
in Gellermann-orders, and 40 trials per day were given. 

Four groups of 10 Ss each were trained in the magazine-discrimination. One 
was reversed daily, a second after two days on each problem, a third after fout 
days on each problem, and a fourth each time it met the criterion of no more 
than six errors on a given day and no more than three errors in the last 20 trials 


? E. M. Stearns and M. E. Bitterman, A comparison of key-pecking with an 10- 
gestive technique for the study of E ALERA in pam this JOURNAL 
58, 1965, 48-56; R. C. Gonzalez, B. D. Berger, and M. E. Bitterman, A further 
comparison of key-pecking with an ingestive technique for the study of discrimina 
tive learning in pigeons, ibid., 59, 1965. 217-225. 
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of that day. Three groups of 10 Ss each were trained in the key-discrimination. 
One was reversed daily, and a second was reversed each time it met the criterion 
already specified; a third group was trained to criterion in each reversal and then 
given three days of overtraining. 

Rat-technique. The rats were trained in a gray-painted Lashley apparatus modi- 
fied to eliminate punishment for errors; instead of jumping, the animals traversed 
narrow elevated pathways leading from the starting platform to each of the two 
windows. One of the discriminanda was a black card on which a 3-in. white cir- 
cle was centered; the other was a card covered with Y-in. black and white verti- 
cal stripes. There were 20 trials per day by the guidance-method. The correct card 
was unfastened, and the animal could push it over to gain access to the feeding 
Platform at the rear, The incorrect card was locked in place; having made contact 
with it, the animal was brought back to the starting platform and permitted to 
respond again, an incorrect choice being prevented by manual guidance. The 
lateral arrangement of the two cards varied from trial to trial in Gellermann-orders. 

Six groups of 8 Ss each were trained in a 2 X 3 factorial experiment involving 
two amounts of reward and three amounts of training per reversal. The low re- 
ward was one 45-mg. Noyes pellet, and the high reward was 10 sec. of access to 
a dish of wet mash. The amounts of training were one, two, and four days per 
reversal. 

Quail-technique. The apparatus for the quail was exactly the same as the key- 
apparatus for the pigeons, except that the keys were several inches lower and the 
magazine presented corn instead of a mixture of other grains. The guidance-method 
(permitting no repetitive errors) was used. One group of 16 Ss was trained in 
daily sessions of 20 trials to the criterion of no more than three errors in any 
Session. A second group of 12 Ss was trained in daily sessions of 40 trials to the 
criterion used for the pigeons—no more than six errors in any session, and no 
More than three errors in the last 20 trials, The training of both groups was con- 
tinued for 20 reversals, 


RESULTS 


The principal results of the magazine-experiment with pigeons are given 
in Fig. 1, which shows mean initial errors on the first day of the original 
Problem (Reversal 0) and each of 24 subsequent reversals. The curves for 
the four &toups are quite similar. Analysis of variance yields a significant 
Reversals-effect (F = 28.30, df = 23/828, p < 0.01), but not a signifi- 
cant Groups-effect (F < 1).3 There is, however, a significant interaction 
= 2.36, df= 69/828, p < 0.01), which may reflect the somewhat 
More rapid fall in the criterion and 4-day curves than in the 1-day and 2- 
day curves. It should be noted that the 1-day and 2-day groups continued 
to improve in subsequent reversals. A plot for the 1-day group shows a 
Steady decline over the 96 reversals to the level of about 4 etrors, with in- 


l The data for Reversal 0 were not, of course, included, either in this analysis or 
n those reported below. 
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dication that there would have been further improvement if trainin 
been continued. These results suggest that number of reversals is the 
factor in improvement, but that the role of general experience cann 
disregarded.* 

Within-reversals ertor-curves for the four groups also look very 


to show the nature of the improvement in the first 24 reversals. A p 
curve for Reversals 95 and 96 of the 1-day group also is plotted in Fig 
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Fic. 1. MEAN INITIAL ERRORS OF THE FOUR PIGEON-MAGAZINE 
Groups ON THE First DAY OF THE ORIGINAL PROBLEM AND 
EACH OF 24 SUBSEQUENT REVERSALS 


to show the nature of the improvement after considerably more 
training. The curves suggest two sources of improvement: The first, 
is evident in the earlier reversals and in the earliest stage of each 
may be characterized as a reduction in negative transfer—a declin 
strength of the preference carried over from each: preceding reve 
second, which is evident in the later reversals and in the later s 
each reversal, may be characterized as an increase in the rate at whit 
new preference becomes established. 

The principal results of the key-experiment with pigeons are 
Fig. 3. The curves show mean initial errors on the first day of the 
problem and each of 26 subsequent reversals for the three groups. 


ES Zt curve may be found in Fig. 3 of Gonzalez, Berger, and Bitt 
ity 
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there is a significant Groups-effect (F = 3.68, df = 2/27, p <0 
well as a significant Reversals-effect (F = 3.36, df = 25/657, p 
and a significant interaction” (F = 2.01, df = 50/675, p < 0.01). 
gonal analysis indicates that the difference between the 1-day grou 
the other two groups is primarily responsible for the Grou 
(E = 7.03, df = 1/27, p < 0.05). The 1-day group did not impro 
the first 26 reversals, although it showed considerable within-rev 
learning, its within-reversal curves closely resembling that for Reversa 
in Fig. 2. In 70 subsequent reversals, the 1-day group did improve, 
ing the same level of error (5-6 per day) as did the magazine-a nimi 
24 reversals, and showing very much the same distribution of errors y 
reversals (see the curve for Reversal 24 in Fig. 2). The early fi 
within-reversals curves for the key-groups trained to criterion and 
trained are higher in over-all level than those for the 1-day group; ¥ 
continued training, there is a fall in level, and the curves for the th 
groups become indistinguishable. 

The principal results of the experiment with rats are given in Fi 
The two sets of curves, one for high and one for low reward, are p 
in terms of mean errors on the first day of the original problem an: 
of 18 subsequent reversals. As in the key-experiment with pigeons, i 
ing the amount of training per reversal increases the level of error i 
but not in later reversals; the effect of Days-per-Reversal is not si; 
(F < 1), but there is a significant interaction of Days-per-Reversal ^ 
Reversals (F = 3.92, df = 34/714, p < 0.01) which reflects the w 
out of an early effect (as well, perhaps, as the crossover of the 
the 4-day low-reward group). Although the effect of Reversals is s 
cant (F = 15.71, df = 17/714, p < 0.01), only the two 4-day 
show any substantial decline in first-day errors over the 18 reversal 
other groups show little change beyond the rapid disappearance of 
erence established during the original problem for the positive stim 
of that problem. In subsequent reversals, further improvement does, 
ever, appear in these groups. By Réversal 72, the mean number of 
in 20 trials has fallen to about 7 in the high-reward 1-day group and 
4 in the low-reward 1-day group. 

The only other significant effect which appears in the analysis of 
day errors for 18 reversals is that of Amount of Reward: the high 
groups make more errors than the low (F = 10.00, df = 34/714 


"The performance of the 1-day group plotted in terms of mean errors. 
bd v 25 reversals may be seen in Fig. 3 of Gonzalez, Berger, and Bil 
op. cit., 221. 
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0.01). The difference is due, not to poorer learning in the high-reward 
groups, but to the fact that the high-reward groups tend to develop stronger 
preferences in each reversal and therefore to show more negative transfer 
in the next. This effect may be seen in Fig. 5, which displays some repre- 
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Fic. 4. MEAN ERRORS OF THE SIX GROUPS OF RATS ON THE 
ORIGINAL PROBLEM AND EACH OF 18 SUBSEQUENT REVERSALS 


Sentative within-reversals plots for the two 4-day groups. The high-reward 
&rtor-curves begin higher but fall more sharply and reach lower levels in 
the later trials of each reversal, the total number of errors made in the four 
days of each reversal being very much the same for the two amounts of 
Tewatd. The persistence of the effect of amount of reward may be seen in 
the 1-day curves for Reversal 72; here, too, the high-reward group shows 
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a stronger initial preference for the previously reinforced alternative, The 
curves of Fig. 5 show also that progressive improvement in the 4-day 
groups took the form of a progressive decline in negative transfer—th t 
is, a progressive decrease in the strength of the preference carried over 
from one reversal to the next. In the 1-day groups, the course of improve 
ment was much more gradual. There was very little within-reversals learn 
ing in the early part of the experiment and correspondingly little negatiy 
transfer to be reduced. 3 

The principal results of the experiment with quail are given in Fig, 6 
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Fig, 5, WITHIN-REVERSALS LEARNING CURVES OF THE 4-DAY RATS FOR REVERSAL 
1, 6, AND 11, AND OF THE 1-DAY RATS FOR REVERSAL 72 


in terms of mean errors for each of the two groups in the first 40 trials of 
the first 20 reversals, The 40-trial animals show clear improvement, whil 
the 20-trial animals do not—the Groups-effect is not significant (F < 1) 
but there is a significant Reversals-effect (F = 2.72, df = 19/494, p 
0.01) and a significant interaction (F = 3.23, df = 19/494, p < 0.01) 
Smaller groups were continued for 18 additional reversals, during whid 
time the 40-trial animals continued to improve, reaching the level of abou 
nine errors, while the 20-trial group showed little improvement. 

The within-problems performance of the 40-trial quail for pooled R 
versals 1-2 and 23-24 is plotted in Fig. 7 along with comparable data f 
the pigeons which were trained to criterion in the key- and! the magazin 
situations, The curves show the dramatic improvement in the performant 
of the quail—much more marked even than the improvement of 
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pigeons in the magazine-situation. In the early reversals (1-2), the 
learn much more slowly than do the key- and magazine-pigeons, 


up with the key-pigeons, which do not improve as rapidly as the m 
pigeons. In still later reversals (37-38), performance of the quail is 
that of the magazine-pigeons in Reversals 23-24, and we know from 
experiments in this laboratory that with continued training the key-pi 
would have reached the same level, 

The within-reversals curves for the 20-trial quail fall for the mo 
about midway between the curves of the 40-trial quail for Reversa 
and 23-24, having essentially the same slope. Only those for the first 
reversals had a different shape, beginning at a higher level (like the 
curves of the 40-trial animals), but falling sharply between the first 
and the second 20 trials (which were, of course, separated by a day) 
earliest within-reversals curves for the 40-trial animals show a 
effect between the first 40 and the next 40 trials. 


Discussion 


An effect obtained in previous experiments on spatial habit-revi 
rats is found again in the present experiments on visual habit-r 
in rats and in key-trained pigeons: increasing the amount of trainin 
reversal increases the number of errors made in early reversals. The 
are not helped, but hindered, by an increased amount of training p 
versal, the main effect of which seems to be the establishment of as 
preference for the positive stimulus of the preceding problem. Alt} 
the animals with more training per reversal make more errors in the 
reversals, they improve more rapidly, and their performance soon bei 
as good as that of animals given less training, or, in some cases, 
which suggests that the additional training may have a beneficial 
that is masked in early reversals by the stronger preferences establish 
The improvement which occurs, and which is evident in the earliest 
of each reversal, takes the form of a progressive reduction in the str 
of the preference carried over from each reversal to the next—a tedu 
in negative transfer. 

In the magazine-trained pigeons, a significant interaction of Grou 
Reversals suggests more rapid improvement in groups given more tra 


*'The SEES ofa crossover in the curves for the high-reward but 
low-reward rats duplicates earlier results for spatial habit-reversal. Two expet 
by Pubols (opp. citt. 49, 1956. 243-248; 55, 1962, 66-68) with a one-pellet | 
showed the effect, but others, with mash, did not. A 
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per reversal, but the Groups-effect is small and insignificant, presumably 
because the magazine-technique is so efficient that amounts of training 
beyond one 40-trial day do not produce substantially greater preferences 
for the positive stimulus. (If this interpretation is correct, an experiment 
with fewer trials per reversal would yield a more substantial Groups-effect. ) 
The pattern of improvement in the magazine-situation is, however, exactly 
the same as that found in the key-situation and in the experiment with rats. 

In the experiment with quail, number of trials per day rather than 
amount of training per reversal was the nominal independent variable, but 
the criterion varied also, being more severe for the 40-trial group, which 
had in consequence more training per reversal. The results obtained are 
like those of the experiments in which training per reversal was varied 
directly—a greater initial level of error and more rapid improvement in 
animals with more training. The pattern of improvement in these animals 
is the same as that previously encountered, but much more dramatic than 
in pigeons trained to criterion in the key-situation, because the initial per- 
formance is so much worse. The difference need not be attributed to species, 
because it is about what might have been expected from the difference in 
training procedure. In work with pigeons, Stearns and Bitterman have re- 
ported that guidance produces a higher level of error in early criterion- 
reversals and more rapid improvement than does correction.’ 

The effects of amount of reward are different to some extent from those 
of amount of training per reversal. Like an increase in amount of train- 
ing, an increase in amount of reward tends to strengthen the preference 
which is carried over from reversal to reversal. The high-reward animals 
make more errors in the early trials of each reversal than do the low-reward 
animals, but fewer errors in the later trials, because the rate of within- 
teversals learning increases with amount of reward. This effect, which has 
been described recently for a single reversal by Theios and Blosser,® is a 
quite persistent one. In the present experiment with rats, there is no hint 
of a significant Amount of Reward X Reversals interaction over 18 rever- 
sals; high reward continues to increase negative transfer long after increased 
training per reversal has ceased to do so. 

A prominent feature of the improvement in habit-reversal which ap- 
Pears in these experiments is a decrease in negative transfer—a decrease 
in the strength of the preference for the positive stimulus of one reversal 


‘ Stearns and Bitterman, op. cit., 52-53. : 
* John Theios and Deans Biosser, Overlearning reversal effect and magnitude of 


reward, J. comp. physiol. Psychol., 59, 1965, 252-257. 
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which is carried over to the next. This decline in negative transfer is. 
attributable simply to a decline in the strength of the preference establi 
in each reversal. For one thing, animals trained to criterion show the 
pattern of improvement as do animals given a fixed amount of 
per reversal, although it might be argued that the attainment of a giv 
criterion does not necessarily imply the same strength of preference at 
stage of training. More important is the fact that the improvement in | 
initial level of performance in each,reversal may be accompanied, as in | 
case of the low-reward 4-day rats (Fig. 5), by improvement in the tei 
level of performance in each reversal—that is, by the development of p 
gressively stronger preferences within reversals.” It seems, then, that. 
decine in negative transfer must be attributed, at least in large mea 
to a decline in retention, : 

That a decline in retention should be produced by reversal-train 
(with both number of reversals and total number of training days 
ing significant roles) is not, of course, surprising in the light of the 
search on. proactive inhibition in human learning. Further evidence of t 
correctness of this interpretation may be found in the data of anim 
trained for more than one day on each reversal. If the interpretation is cor 
rect, performance in the early trials of a monreversal day should 
worse telative to performance in the later trials of the previous day as 
versal-training continues, and that is what seems to happen. Consider, 
example, the data for the 2-day magazine-trained pigeons, which co 
pleted 48 reversals. In the first 12 problems, the animals averaged abo 
0.2 more errors in the first five trials of the second day than in the last fi 
trials of the first day. This decrement in retention increased with con- 
tinued training to about 0.8 errors in the last 12 problems, the perfo : 
of the animals becoming progressively better in the later trials of the f 
day and worse in the early trials of the second. Some rather dramatic in- 
stances of day-to-day within-reversals retention-decrements also may 
seen in Fig. 5, particularly in curves of the high-reward group, whose 
provement was particularly marked. What is required for a thorough ti 
of this interpretation is a 2-day experiment with a number of anima 
large enough to provide stable trial-by-trial learning curves for individ 
reversals. 

To the extent that improvement in habit-reversal can be traced to 
retention-decreme-nt, it becomes unnecessary to postulate some high 


"A like effect may be found in the results of earlier experiments on daily te 
versal, both visual and spatial, in the rat (M. E. Bitterman, Jerome Wodinsky, nd 
D. K. Candland, Some comparative psychology, this JouRNAL, 71, 1958, 100-101). 
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order process such as learning to reverse or the development of a reversal 
"set."1? A more satisfactory alternative is provided, also, to the interpreta- 
tion in terms of compounding,“ which exaggerates the rat's capacity to 
discriminate among heteromodal stimulus-compounds (particularly those 
involving traces), and which is contradicted by data on the spacing of 
trials.12 The Mackintoshes’ recent interpretation of progressive improve- 
ment in terms of the strengthening of a set for the relevant stimulus-dimen- 
sion,!? which has been shown to be inadequate at a number of points, 
fails also to deal with the present data, According to that interpretation, 
improvement should rest, not on a reduction in the strength of preferences 
carried over from each reversal to the next, but on an increase in the rate 
of within-reversals learning. 

It should be clear, however, that the retention-decrement interpretation 
is itself open to a number of objections. For one thing, there was an in- 
dication of another effect in the later reversals of the 1-day magazine- 
group—an increase in the rate of learning within reversals as distinct from 
a decline in negative transfer. More evidence on this point should be 
sought in an experiment with a larger number of animals. Another objec- 
tion is based on the fact that progressive improvement has failed to appear 
in a substantial number of experiments with the fish.1° This failure would 
be easier to understand if improvement in the rat were due to some second- 
order process rather than to a process seemingly so fundamental as pro- 
active inhibition. It may be well perhaps to look at retention within and 
between reversals in the fish as well as in an animal that does show pro- 
Bressive improvement, 


SUMMARY 


Visual habit-reversal was studied in pigeons and rats as a function of 
amount of training per reversal (in the pigeons by two different techniques, 
in the rats with two different amounts of reward) and in quail as a func- 
tion of number of trials per session confounded with criterion. (which 


z G. A. Kimble, Conditioning and Learning, 1961, 388. 
M L. Hull, A Behavior System, 1952, 114-116. 
"North, opp. citt, 442-460, 461-470. 

N. J. Mackintosh and J. Mackintosh, Performance of Octopus over a series of 
reversals of a simultaneous discrimination, Anim. Behav., 12, 1964, 321-324. The 
interpretation is derived from N. S. Sutherland's model for discriminative learning 

The learning of discrimination by animals, Endeavour, 23, 1964, 148-152). 
y A. F. Schade and M. E. Bitterman, Improvement in habit reversal as related to 
dimensional set, J. comp. physiol. Psychol., 2, 1966, 43-48. 

Bitterman, Wodinsky, and Candland, op. cit., 95-103; E. R. Behrend, V. B. 
Domestick, and M. E. Bitterman, Habit reversal in the fish, J. comp. physiol. Psychol., 
60, 1965, 407.411. 


530 GONZALEZ, BERGER, AND BITTERMAN 


served in effect as a variation in amount of training per reversal). Animals 
given more training per reversal tended to make more errors in the early 
reversals, but they improved more rapidly and soon were performing as 
well or better than animals with less training per reversal. The improve- 
ment in performance took the form of a decrement in the strength of the 
preferences carried over from one reversal to the next, and the possibility 
was suggested that much of the improvement which is found in such ex- 
periments may be accounted for in terms of proactive inhibition. Amount 
of reward was found to increase the rate of within-reversals learning; the 
rats trained with high reward tended to make more errors in the early 
stages of each reversal but fewer errors in the later stages of cach reversal 
than did the rats trained with low reward. 


A TEST OF SOME ASSUMPTIONS ABOUT 
PSYCHOLOGICAL SPACE 


By D. W. J. Corcoran, 
Cambridge, England 


A number of workers have found ít theoretically helpful to think of 
stimuli as points and stimulus-similarity as distance between points in "psy- 
chological space". If stimulus A+ is located as some point in psychological 
space a units from A—, then a is assumed to be a direct measure of the 
experienced similarity between A+ and A—. Shephard has used the con- 
cept ds an aid to the understanding of stimulus and response generaliza- 
tion;* however, and Pollack discusses discrimination-processes in much the 
same terms.* Of primary interest to the present investigation, however, are 
the experimental studies by Attneave? and the more extensive work re- 
ported by Osgood, Suci, and Tannenbaum.* In both studies the multi- 
dimensional geometric properties of psychological space were investigated. 

Using visual material, Attneave attempted to discover in what way the 
distinct physical parameters of compound stimuli contribute to the experi- 
enced similarity between stimuli which differ in more than one respect from 
each other. More formally, if A+ is a units from A— and B+ b units 
from B—, then what relation do the distances a and b bear to the experi- 
enced similarity between Stimulus A+B+ and Stimulus 4—B— ? Attneave 
presents evidence to suggest that psychological space is non-Euclidean and 
that the similarity of 4--B-- is simply (a+b), a model derived from the 
work of Householder and Landahl (cited by Attneave). In contrast, the 
large amount of useful experimentation on the "semantic differential" 
would seem to indiacte that Euclidean assumptions may hold in semantic 
Space and that the experienced similarity between A+B+ and 4—B— is 
probably (42--B2)'^ « 


* Received for publication November 29, 1965. Medical Research Council, Applied 
Psychology Research Unit. The author wishes to thank Dr. E. C. Poulton for his 
advice and the British Royal Navy for supplying subjects and equipment. 

D a Shephard, Stimulus and response generalisation, Psychol. Rev, 65, 
» 242, 4 

"Irwin Pollack, Selected developments in psychophysics, with implications for 
Sensory organization. in W. A. Rosenblith (ed.) Sensory Communication, 1961. 

(Fred Attneave, Dimensions of similarity, this JOURNAL, 63, 1950, 516-556. 
TA H (06009, G. L. Suci, and P. H. Tannenbaum, The Measurement of Meaning, 

» 1-342, 
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"That psychological space is a helpful concept to a theorist does not 
that it is necessarily valid as a "picture" of stimulus-similarity and it 
purpose of the present study to investigate some aspects of the g 
usefulness of the notion. 

"Three questions are therefore asked: (1) Since visual and semantic sp 
would appear to require different models, what of auditory space? Cl 
if auditory space is fitted by neither existing model, the notion of a 
chological space is probably too broad and might be substituted by a 
for each modality. (2) If spatial models are useful, one such model sho 
perhaps predict more reliably than a non-spatial model previously dem 
strated to have some predictive power in similar situations. The non-s| 
model chosen for comparison was an "Independence" model similar 
that employed by Eriksen and Hake* and Corcoran. (3) If one test-si 
tion differs from another only in requiring a different form of response. 
indicate the degree of similarity between stimuli, there should be no fun 
mental change in the relation between predicted and empirical value: 
however, changing the form of response appears to change the chata 
istics of the space, the equivalence of space and similarity becomes susp 


population of 32 different sounds. 

The A dimension was pitch: sounds were either 1000 c/s (A+) or 1250 c/: 
(4—). The tone was regularly interrupted either three times per second (B+) 
or twice per second (B—). The interruption was not, however, a complete bre 
in the continuity of the tone. The amplitude of the "off" period could be eii 
40% that of the “on” or 85% of the on. The former parameter we shall refer 
às 60% amplitude modulated (C+) and the latter as 15% amplitude modul 
(C—). The tone itself was superimposed upon masking noise, which was 
either at 15 db or 10 db below the amplitude of the tone, The former charact 
will be designated D+ and the latter D—. The noise itself varied in band 
being either broad-band white noise (E+) or narrow band (E—). The mari 
band noise was composed of frequencies determined by the frequency of the si 
Le. 250 cycles on each side of the chosen signal frequency. 

(2) Procedure. A single sound 4--B--C-4-D--E-- was chosen as the “Stand 
This sound was presented for 10 sec, and followed 5 sec. later by another " 
parison"-sound, which also remained on for 10 sec. Ten sec. after the termin 
of the comparison-sound the standard would be presented again, followed by 


°C. W. Eriksen and H, W. Hake, Multidimensional stimulus differences 
accuracy of discrimination, J. exp. Psychol., 50, 1955, 153-160, 

D. W. J. Corcoran, The prediction of responses to multidimensional S 
from response to undimensional stimuli, J. exp. Psychol., 71, 1966, 47-55- 
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next comparison-stimulus and so on until all 32 stimuli had been presented twice. 
The order in which the comparison-stimuli were presented was determined by a 
random procedure, but the second half of the test was an exact replica of the first. 
In all, the test contained 64 presentations of the standard alternated with 64 pres- 
entations of the comparison-stimuli. The Ss in Group I were presented with a 
foolscap sheet containing 64, 2-in. lines. Their instructions were as follows: 


tad ga This is a test of how well you can judge the similarity between 
sounds, 

When I switch on the tape recorder pairs of sounds will come over the loud- 
speaker. The first of each pair will always be the same sound, but the second 
will usually be different. Only on a very small number of occasions will the 
second sound be absolutely identical with the first. n 

You must indicate how similar the second sound is to the first. You do this as 
follows. On the sheets you have there are 64 lines. Imagine that the first sound 
of each pair is situated at the left of each line. At the extreme right imagine 
a sound completely different from the one on the left. As each pair of sounds is 
presented put a mark somewhere on the line indicating Hm its distance from the 
left hand end how similar the sound is to the first sound of each pair. Do this for 
each of the 64 pairs. You will have about 10 sec. to record your answer before 
the next pair is presented. 

The Ss in Group II were requested to respond with a number between 0 and 100. 
A 0 was to be used if the comparison was exactly identical with the standard and 
100 when the comparison was completely different. 

The loudspeaker was placed at a convenient position at the front of the room 
with the gain set such that the sounds were clearly audible at all seating positions 
in the room. 

(3) Subjects. Group 1 comprised 38 women whose ages ranged from 27 to 59 
yrs. (Mean 46) and 24 enlisted men aged between 17 and 19 yrs. Group 2 was 
made up of 11 Ratings of the British Royal Navy aged between 21 and 24 yr. 


RESULTS AND DISCUSSION 


Treatment of data Seven men and eight women were eliminated from the 
analysis of Group 1 and two Ss were eliminated from Group II. Fourteen 
of these Ss were rejected for not using intermediate positions on the lines, 
Le, comparison-sounds were either considered exactly the same or com- 
pletely different from the standard sound. Such responses probably indi- 
cated a failure to understand the instructions. The other three Ss were 
eliminated for failing to identify the standard as even moderately similar to 
itself, and probably indicate poor hearing or lack of attention. 

An error in recording caused one sound to be absent for some Ss but this 
error was later rectified. The data for Group 1 are based on 37 Ss, except 
for the eliminated sound which is based on an N of 19 Ss only. Only the 
second half of the test was used in the analysis since the first half was con- 
sidered necessary for familiarization with the stimulus-population. 

Group I. The degree of judged similarity between standard and com- 
Patison-stimuli was estimated by measuring the distance of the mark from 
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the extreme left of the line to the nearest 1/10th of an inch. In this way 
each response received a score ranging from 0 to 20. 

There was no reliable difference between men and women, and Table I 
contains the mean scores of the total group for each stimulus. Starting from 


TABLE I 


EMPIRICAL AND PREDICTED VALUES OBTAINED FROM JUDGING DIsTANCE 
ALONG A LINE (Group I) 


I II HI. o IV M VI 
irii Effective Non ; 
imul Empirical en " Euclidean Independence 
Stimuli estimates Ken eed predictions predictions 
xi 1.2 
A 12.7 11.5 
B 2.2 1.0 
C 1.8 0.6 
D 3.2 2.0 
E 4.1 2.9 
AB 12.5 13.7 12.7 11.2 
AC 15:3 13.3 12.7 11.2 
AD 14.2 14.7 12.9 11.8 
AE 12.5 15.6 13.4 12.2 
BC 3.9 2.8 2.4 2.8 
BD 3.0 4.2 325 4.0 
BE 4.5 5.1 4.3 5.0 
CD 2.7 3.8 3:3 3.8 
CE 4.0 4.7 4.2 7.6 
DE 5.4 6.1 4,7 6.0 
AB 5.0 6.7 4.8 6.4 
AC 5.9 7.1 4.9 6.6 
AD 4.6 D, 4.3 5.6 
AE 4.0 4.8 $55 4.6 
BC 12.4 17.6 13.2 13.2 
BD 15.3 16.2 13.1 12.6 
BE 15.4 15.3 12.9 12.2 
CD 15.7 16.6 13.1 12.6 
CE 13.8 5T. 12.9 12.2 
DE 15.1 14.3 12.8 11.4 
A* 13.9 7.7 4.2 7.2 
B 14.5 18.2 1312; 13.4 
[oi 15.0 18.6 13.3 13.4 
D 16.1 17.2 13.1 14.2 
E 15.1 16.3 12.9 12.4 
= 16.1 19.2 13.3 13.8 


*N=19 


the top of Table I the first stimulus (+) is identical with the standard. 
The next five stimuli each differ from the standard in one respect. Thus A— 
differs in terms of pitch only, B— in terms of interruption rate, C— in 
amplitude modulation, D— in noise-amplitude, and E— in the band-width 
of noise. These five stimuli will, for reasons which will be evident latet, 
be termed the “predictor stimuli.” The next 10 stimuli differ from the 
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standard in two respects, the following 10 in three respects, the next 5 in 
four respects, and the last stimulus differs in all 5 respects from the standard. 

The adequacy of the three models will be judged by their ability to pre- 
dict the empirical values from A—B— to — by considering only the values 
attributed to the "predictor" stimuli. The distances or numbers judged to 
represent the similarity of the predictor to the standard will be considered 
to represent distance along five separate coórdinates. The three models will 
make different use of these judged distances. 


Es N 
[ o 


PREDICTED VALUES (P) 
o 


20 


5 10 15 
EMPIRICAL VALUES (E) 


Fic. 1, RELATION BETWEEN EMPIRICAL ESTIMATES 
OF DISTANCE ALONG THE RESPONSE-LINE AND 
VALUES PREDICTED ON THE NON- 
EUCLIDEAN MODEL IN GROUP I 


Adequacy of the models. The non-Euclidean model as used by Attneave 
would predict that Stimulus A—B— would be judged to lie at that point 
(4+ b) away from thé standard, i.e, at the sum of the distances chosen for 
Stimulus 4— and Stimulus B—. Table I shows, however, that the test- 
stimulus which was identical with the standard was itself judged by the 
group to lie 1.2 units from the standard. It is therefore necessary to sub- 
tract this value from the estimates for the five predictor stimuli. 

This computation results in the Effective Empirical Estimates, shown in 
Column III of Table I. The predictions shown in Column IV are arrived at 
by adding 1.2 to the sum of the appropriate effective estimates. Thus, Stimu- 
lus A—B— for example should lie at a distance (1.2 + 4 + b) ie. 1.24 
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11.5 + 1.0 = 13.7 units from the end of the line. Where 4, and b, are 
the effective estimates. Fig. 1 shows the relation between empirical (E) 
and predicted (P) distance estimated by the non-Euclidean model. The 
broken diagonal represents perfect prediction and the solid line the best 
fitting linear relationship, computed by the method of least squares. The 
two lines can be seen to agree very closely. 


PREDICTED VALUES (P) 


P=0-66+0-8OE 


5 10 15 
EMPIRICAL VALUES (E) 


Fic, 2. RELATION BETWEEN EMPIRICAL VALUES 
AND VALUES PREDICTED ON THE EUCLIDEAN 
MODEL For GROUP I 


The Euclidean model predicts that Stimulus A—B— would be judged to 
lie at a distance 1.2 + (2,? + b,2) from A+B+. In Fig. 2 the empirical 
distances are plotted against the Euclidean predictions. The best-fit line is 
perhaps less satisfactory than that shown in Fig. 1, for the non-Euclidean 
model, since it has both a positive intercept and a slope less than unity. 

The application of the Independence model depends upon the assump- 
tion that the judged distance between standard and comparison-stimulus 
is an inverse measure of the probability that the comparison would be con- 
sidered identical with the standard. Thus, a judged distance of 2 units from 
the zero point represents 0.1 of the distance between 0 and 20 so that the 
probability of confusing this test sound with the standard would be 0.9. 
A probability-value of this kind was obtained for each predictor stimuli. 
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It was shown previously (Corcoran), with stimulus-material similar to that 
used in the present experiment, that the probability of calling A—B A+B+ 
could be estimated by the equation 

P-B- = Pap X Paep-/ P aspe 
where P, 5. is in the probability that Stimulus A—B+ will be called 
A+B-+, P4,5. is the probability that A+B— will be called 4+B+ and 


20- D / 


PREDICTED VALUES (P) 


5 10 15 20 
EMPIRICAL VALUES (E) 
Fic. 3. RELATION BETWEEN EMPIRICAL VALUES 


AND VALUES PREDICTED ON THE INDEPENDENCE 
MODEL For GROUP I 


P5, is the probability of correctly identifying A+B+. The model has the 
general form: 


Pry z= (Pxoyy seats Pgy—-ay Pxeres oz) Pere 2)i - 1 
Where X, Y and Z are separate dimensions and ; is the number of such 
dimensions. The adequacy of this model may be judged from Fig. 3. 

Each prediction on each model was subtracted from the corresponding 
empirical judgment regardless of sign and these values were compared. 
No reliable differences were evident. 

Group II. 'The predictions of the non-Euclidean model bore much the 
Same relationship to the empirical values in Group II as in Group I. In both 
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groups the slope of the P/E relationship was near to unity, but Group II 
had the larger intersect (see Figs. 1 and 4). When reduced to the same 
units as Group I, the best linear fit for Group II reads P = 0.193 + 0:98 E 
as compared with P = 0.80 + 1.02 E in Group I. 

In Group I, the predictions of the Euclidean and Independence models 
tended to over-estimate the judgments made to the stimuli which were 


TABLE II 


EMPIRICAL AND PREDICTED MODELS OBTAINED FROM SELECTING A NUMBER FROM 
0—100 (Group II) 


I II III IV V VI 
"| Effective Non à 
nah Empirical tin s Euclidean Independence 
Samus estimates Epinal ids predictions ^ predictions 

ate 2.2 

A 50.0 47.8 

B 6.1 3.9 

C 13.3 11.1 

D 17.2 15.0 

E 18.3 16.1 

AB 51.7 53.9 50.2 48.7 
AC 65.0 65.1 51.3 52.5 
AD 64.4 65.0 52.3 54.6 
AE 64.4 66.1 52.6 55.2 
BC 21.1 17.2 14.0 12.7 
BD 12.4 21.1 17.7 16.5 
BE 16.1 22.2 18.8 17.6 
‘CD 19.4 28.3 20.9 22.7 
CE 8.2 29.4 21.8 23.7 
DE 40.0 33.3 24.2 21.1 
AB 34.1 44.4 26.9 33.7 
AC 36.1 37.2 24.6 28.3 
AD 29.5 33.3 22.2 25.0 
AE 19.7 3.2 21.3 24.1 
BC 63.9 81.1 54.0 61.0 
BD 51.7 1:2 53.9 59.3 
BE 66.7 76.1 53.5 58.8 
CD 55.0 70.0 53.2 56.0 
CE 72.2 68.9 52.3 55.3 
DE 61.1 65.0 51.5 53.3 
A 60.6 48.3 27.2 30.9 
B 52.8 92.2 56.0 64.6 
C 74.4 85.0 55.0 61.8 
D 71.1 81.1 54.0 60.0 
E 67.2 80.0 53.7 59.4 
67.2 96.1 56.1 65.1 


similar to the Standard, while over-estimating the judgments to the Jess 
similar stimuli. Much the same relationships occurred in Group II. The 
similarity of the P/E plots of Group I to Group II may be judged by com 
paring Figs. 2 and 5 and Figs. 3 and 6. 
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As with Group I, no one model was superior in predictability to any 
other. It is perhaps legitimate, however, to consider the P/E relationships 
which might have existed had the stimuli been composed of six or more 
dimensions rather than five. The present evidence suggests that both the 
Euclidean and Independence models would diverge more from the em- 
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Fic. 4. RELATION BETWEEN EMPIRICAL ESTIMATES AND VALUES 
PREDICTED ON THE NON-EUCLIDEAN MODEL FOR GROUP II 


pirical judgments as the number of dimensions increased, whereas the 
divergence of the non-Euclidean predictions from the empirical values 
remain about constant, owing to its slope of unity. 


Referring to the questions posed in the Introduction, we may draw the 
following conclusions: (1) Since no differences in predictability existed 
between the models, it is not possible to determine whether auditory space 
is similar to visual space, to semantic space or to neither; (2) The non- 
Spatial model was not found to be reliably inferior to the spatial ones and 
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it cannot therefore be concluded with any confidence that spatial models are 
or are not useful relative to spatial ones, and (3) Since the E/P plots of 
Group I were very similar to those of Group II, it would seem likely that the 
nature of the space was unaffected by the way in which 5s communicated 
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P= 7-43+0-68E 
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Fic. 5. EUCLIDEAN ESTIMATES RELATED TO EMPIRICAL ESTIMATES 
FOR GROUP II 


their experience. If this finding has generality it implies that future spatial 
model builders may design situations without regard to the actual response 


measures taken and may refer legitimately to experiments in which response 
measures different to their own were used. 


SUMMARY 


Auditory stimuli were synthesized by dichotomizing the dimensions of 
Pitch A, interruption-rate B, amplitude-modulation, C, amplitude of tone 
above masking noise D, and nature of the noise, E. 

Each of the 32 stimuli was compared with a standard drawn from the 
population and 73 Ss indicated the similarity between the standard and 
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Fic. 6. RELATION BETWEEN EMPIRICAL ESTIMATES AND PREDICTIONS 
FROM THE INDEPENDENCE MODEL FOR GROUP II 


comparison stimulus by distance along a line (Group I) or by a number 
(Group II). 

Two spatial and one probability-models were used to predict the judg- 
ments to stimuli differing in two or more dimensions from the standard, 
by considering the judgments to the stimuli differing in a single respect. 

4 The implications of the findings to the usefulness of spatial models of 
similarity was discussed. 


RESISTANCE TO EXTINCTION IN NORMAL AND EXTENSI 
DECORTICATED RATS AS A FUNCTION OF AMOUNT 
AND PERCENTAGE OF REINFORCEMENT 


By R. C. GONZALEZ, W. À. ROBERTS, and M. E. BITTERMAN, 
Bryn Mawr College 


2 


In the first of a series of neurosurgical experiments patterned 
those which differentiate the normal rat and the (pre-cortical) fish, hab 
reversal and probability-learning were studied in adult rats with extensi 
cortical lesions made in infancy; The operates behaved like normals 
spatial problems, Ze. they showed progressive improvement in habi 
versal and tended to maximize in probability-learning. Only in v 
problems (simultaneous brightness-discriminations) did the role of tl 
cortex become evident. In these problems, the operates behaved like fis 
że, they failed to show improvement in habit-reversal and showed rando 
matching in probability-learning. 


Normal rats and fish also differ to some extent in the manner in which theif 
resistance to extinction is affected by partial reinforcement. In normal rats, f 
sistance to extinction is increased by partial reinforcement (PRE) whether trial 
are massed or spaced.’ In fish, by contrast, the PRE appears in massed trials,” bul 
not in spaced trials? The results for fish require nothing beyond a sensory 
Carryover interpretation," but the spaced-trials effect in rats suggests the operal 
of some additional process, the cortical basis of which was explored in the p 


* Received for publication March 10, 1965. This research was supported 
Grants MH-02857 and MH-9577 from the United States Public Health Service. 
Roberts articipated in the work during his tenure of a Coüperative Fellowshil 
awarded y the National Science Foundation. 

.R. C. Gonzalez, W. A. Roberts, and M. E. Bitterman, Learning in adult 
with extensive cortical lesions made in infancy, this JOURNAL, 77, 1964, 547- 

Solomon Weinstock, Resistance to extinction of a running response follow 
berate RH under widely spaced trails, J. comp. physiol. Psychol, 4l, 

, 318-322, ! 

*R. C. Gonzalez, R. M. Eskin, and M. E. Bitterman, Extinction in the fish 
partial and consistent reinforcement with number of reinforcements equated, iP 
55, 1962, 381-386. 

icholas Longo and M. E, Bitterman, The effect of partial reinforcement with 
spaced practice on resistance to extinction in the fish, ibid, 53, 1960, 169-172; R. © 
onzalez, E. R. Behrend, and M, E. Bitterman, Partial reinforcement in the 
Experiments with spaced trials and partial delay, this JOURNAL, 78, 1965, 1 
. "V. F. Sheffield, Extinction as a function of partial reinforcement and distrib 
tion of practice, J. exp. Psychol, 39, 1949, 511-526; C. L, Hull, A Behavior Sys 
1952, 120-121; E, p Capaldi, Effect of N-length, number of different N-len 
zs ee of reinforcements on resistance to extinction, J. exp. Psychol., 68, 196 
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experiment. Since amount of reward has been shown to be an important parameter 
in spaced-trials experiments," amount of reward and schedule of reinforcement were 
combined in a 2 X 2 design, both for operated rats and for normal controls. 


METHOD 


Subjects. The Ss were 82 albino rats of both sexes—40 operates and 42 normals 
— bred in the laboratory from stock of the CF-Nelson strain. 

Surgical and histological procedures. The surgical procedure has been described 
in detail elsewhere. Cortical tissue was removed by aspiration through fine glass 
tubing when the animals were 15-17 da. oll. The operates were returned to their 
mothers about an hour after surgery. Five days later, they were housed in individ- 
ual cages in the main colony-room of the laboratory, where they were maintained 
on a free-feeding schedule until the age of 90 da, The normal animals were reared 
in the same way as the operates. 

Upon completion of the experiment, the operates were sacrificed, and their brains 
were removed, frozen, sectioned at 40 micra, and stained. Every tenth section was 
mounted and examined for evidence of subcortical damage. The sections for each 
animal then were examined to determine, for each of four experimental groups, the 
largest lesion, the smallest lesion, and the two lesions of intermediate extent. Then 
these lesions were reconstructed and plotted on conventional Lashley-diagrams. 

Apparatus, The apparatus consisted of a gray start-box (9 in. long X 4 in. wide), 
runway (60 in, X 4 in.), and goal-box (12 in. X 6 in.). Each unit was made of 
wood, with walls 6 in. high, and had a hinged Plexiglas cover. Attached to the 
back wall of the goal-box was a food-cup, the contents of which could not be 
seen by S from the runway. A manually operated guillotine door (D,) controlled 
entrance into the runway from the startbox, A second (sliding) door (D:), 
which served to prevent retracing from the goal-box, was set into the runway 
10 in. before the goal-box. Set into one wall of the runway were two photocells, 
one 6 in. beyond Di, and the other 1 in. before the goal-box, which were illu- 
minated by small lamps set into the opposite wall. The raising of D; tripped a 
microswitch mounted on the door-frame which activated a Standard Electric timer. 
When the first light-beam was broken by S, the photocell-relay stopped the first 
timer and activated a second, which was stopped by interruption of the second light- 
beam, Latency and running-times thus were measured separately in units of 0.01 
sec, 

Procedure. The experiment was conducted in two phases. First, 40 Ss—20 op- 
erates and 20 normals—were studied under the low-reward (five 0.045-gm. Noyes 
pellets) condition, The experiment then was replicated with 42 Ss—20 operates and 
22 normals—under the high-reward (15 0.097-gm. pellets) condition. 

Preliminary training, At the age of 90 da., the animals were placed on a 24-hr. 
feeding schedule, handled daily, and reduced gradually to 85% of their satiated 
bodily weights. When the reduction in weight was completed, the animals were 


"S. H. Hulse, Jr., Amount and percentage of reinforcement and duration of goal 
confinement in conditioning and extinction, ibid., 56, 1958, 48-57; A. R. Wagner, 
Effects of amount and percentage of reinforcement and number of acquisition trials 
on conditioning and extinction, bd, 62, 1961, 234-242. « 

Gonzalez, Roberts,.and Bitterman, op. cit., 549. 
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given experience with the pellets of food which were to serve as reward in th 
experiment: they were fed pellets once in their individual home cages, and 
on each of three successive days, on a table in the laboratory in the coi 
handling. On each of the next three days, every S was fed in the goal. 
D. closed. Finally, every $ was given eight inforced trials, one per day, on 
of which latency and running-time were recorded. On the basis of their perforn 
during these eight days, each group—the 20 low-reward operates, the 20 
reward normals, the 20 high-reward operates, and the 22 high-reward no: 
was divided into two matched subgroups: a 100% subgroup and a 50% sul 
Experimental training. Throughout the experiment-proper, each $ was given 
trial per day. In the first stage of the experiment, which lasted 40 days, the 
groups had 40 reinforced trials, while the 5096 groups had 20 reinforced 
unreinforced trials in accordance with selected Gellermann-orders. Each trial: 
with the opening of D, by E and terminated with the interruption of the s 
light-beam by S, after which E closed D:. On reinforced trials, 5 was removed, 
the goal-box as soon as it had eaten the food and returned to its home-cage, 
unreinforced trials, $ was removed from the goal-box 20 sec. after having ent 
it, One hour after its daily trial, each $ was fed the remainder of its daily 
in its home-cage. In the second stage of the experiment, all Ss were given 3 
reinforced trials, one per day. These trials were identical in all respects wii 
unreinforced trials of Stage 1. 


RESULTS 


Normal controls. The performance of the four groups on the last; 
training trials is plotted in Fig. 1. In the 50% as well as in the 100 
animals, latencies and running-times were significantly lower with. 
larger reward. (For latency, F = 11.9, df = 1/37, p < 0.01; for run 
time, F = 68.9, df — 1/37, p < 0.01.) These results duplicate those 
previous experiments.* An effect of reinforcement-schedule on asympto 
performance in acquisition was evident only in longer running-times for 
the 50% animals under the low-reward condition. (For latency, F 
for running-time, F = 4.9, df = 1/37, P < 0.05. Subsequent orthogon 
comparisons showed significance only for the difference between the t 
low-reward groups.) With respect to the effects of partial reinforc 
on asymptotic performance in acquisition, there is, of course, some 
crepancy in the literature. In this experiment, as in Hulse’s experim 
there was no indication of superior performance in the 50% groups? 


; Hulse, op. cit, 48-57; Wagner, op. cit., 234-242. 
E EUH de ON, ound Qu S for Koss fe 
OAD) K Py the runway, but experiments by Wagner (op. 
234-242), K. P. Goodrich (Performance in different EDU of d instrum 
response chain as a function of reinforcement sched ule, J- exp. Psychol a 
57-63) and D. F. Haggard (Acquisition of a simple running response as a fun 
of partial and continuous schedules of reinforcement, Psychol, Rec., 9, 1959, 11 
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In Fig. 2, the course of extinction in the four groups is given in trial- 
by-trial plots of latency and running-time. The curves show more rapid 
extinction for high than for low reward, and a PRE for high but not for 
low reward. Statistical analyses of the latency-data support these generaliza- 
tions. (For amount of reward, F = 6.08, df = 1/37, p < 0.05; for sched- 
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ule, F = 3.52, df = 1/37, p < 0.05, with Scheffé tests showing signifi- 
cance only for the difference between the two high-reward groups; for 
the interaction of schedule with amount of reward, F = 4.50, af = 1/37, 
P < 0.05.) The analysis of running-times, which showed the same effects 
less markedly, yielded significant interactions of trials with amount of 
reward (F = 3.36, df = 29/1073, p < 0.01) and with schedule of rein- 
forcement (F = 1.79, df = 29/1073, p < 0.05). Previous work by Hulse 
and by Wagner also showed an increase in the PRE with amount of reward, 


showed superior performance for consistently reinforced animals in later segments, 
ut superior performance for partially reinforced animals in early segments. 
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but the relation among their groups was rather different.1° Neit 
nor Wagner found a main effect of amount of reward. In their 
ments, a larger reward increased resistance to extinction in 50% 


“Hulse, op. cit, 48-57; Wagner, op. cit, 234-242, 
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but decreased resistance in 100% animals, a pattern of results which 
follows from frustration-theory."! In the present experiment, resistance to 
extinction decreased with amount of reward in 50% as well as in 100% 
animals, but more markedly in the 100% animals, a pattern of results 
which follows from the discrimination-hypothesis. 

The discrepancy between the present results and the earlier ones of 
Hulse and of Wagner may perhaps be due to the difference in the absolute 
magnitudes of reward which were employed. In the earlier experiments, 
the low reward was 0.08 gm. of food (rather than the present 0.23 gm.) 
and the high reward was 1.0 gm. (rather than the present 1.46 gm.). 
Suppose that, for each schedule of reinforcement, resistance to extinction 
is a nonmonotonic function of amount of reward, increasing at first to a 
maximum at some relatively small amount, and then decreasing. Suppose 
also that the 50% function reaches its maximum at a somewhat larger 
amount of reward than the 100% function and declines less rapidly there- 
after. On these assumptions, hypothetical curves can be drawn which give 
the Hulse-Wagner results for 0.08 and 1.0 gm., but the present results for 
0.23 and 1.46 gm. An experiment designed to map these functions would 
have considerable value. 

Operates. The performance of the operates in the last 24 training trials 
is shown in Fig. 3.1? Unlike the normal controls, the operates showed an 
effect of amount of reward only with the partial schedule, (For latency, 
F = 6.48, df = 1/31, p < 0.05; for running time, F = 12.97, p < 0.01. 
Subsequent Scheffé tests showed significance only for the differences be- 
tween the two 50% groups.) Another way to describe the difference is to 
say that the high-reward operates did not respond as quickly as the high- 
reward normals, and this formulation suggests that there simply may have 
been some sort of motor impairment in the operates. The curves of Fig. 3 
show also that in the operates, as in the normals, partial reinforcement 
impaired asymptotic performance in the low-reward but not in the high- 
reward case; the effect, was shown by the operates in both measures. (For 
latency, F = 417, df = 1/31, p € 0.05; for running-time, F = 5.33, 
P < 0.05. Scheffé tests showed significant differences only between the two 
low-reward groups.) 

ST” UTS See ee eee 


? Abram Amsel, The role of frustrative nonreward in noncontinuous reward si- 
vations, Psychol, Bull, 55, 1958, 102-119. 

The lesions produced in the operates were very much the same as those of the 
Previous experiment with rats extensively decorticated in infancy (Gonzalez, Roberts, 
and Bitterman, op. cit, 551). The smallest lesions in the four groups ranged in si 
rom 45.8-47,195 of the total neocortical surface; the four largest, from 65.3-68.796; 
the eight intermediate, from 54.2-57.996. 
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In Fig, 4, the course of extinction in the four groups of op 
shown in trial-by-trial plots of latency and running-time. Like 
controls, the operates show the PRE with high reward but not w 
reward. For neither measure was the variance due to schedule sta 
significant, but the interaction of schedule with amount of reward. 
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significant in each case (for latency, F = 5.12, df = 1/31, p < 0.05; 1 
running-time, F = 8.43, p « 0.01, and subsequent Scheffé tests sh 
the differences between 50% and 100% groups to be significant only 
high reward, 

These results provide a clear answer to the question which promp 
this experiment, The fact that the operates showed the PRE in spaced 
means that extensive decortication in infancy did not produce a fish 
mode of adjustment to partial reinforcement. That the operation did, 
ever, have some effect is shown by certain striking differences in the ci 


= 
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of Fig. 2 and 4. In the 100% operates, increased reward did not decrease 
resistance to extinction as it did in the 100% normals of this experiment 
and of the previous experiments by Hulse and by Wagner. The resistance 


160 RUNNING TIME 
140r 


1.20 


T 


LOOF 
or 
60r 


40r 


o—o 50% 
29 [ e— 100% 


LATENCY (+1) 


MEAN LOG TIME 
m 
iy 
o 


LOW REWARD HIGH REWARD 


0 
l 10 20 30 ! 10 20 30 
TRIAL 


Fic. 4. MEAN LoG LATENCY (+1) AND MEAN LoG RUNNING-TIME 
ON EACH TRIAL OF EXTINCTION FOR THE FOUR GROUPS 
OF OPERATES 


Of the operates, both 50% and 100%, was already very low with the lower 
feward—much less than that of the normals. In general, resistance to ex- 
tinction in the operates tended to increase as amount of reward increased, 
More so with 509% than with 100% reinforcement, while resistance to 
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extinction in the normals tended to decrease as amount of reward increased, 
more so with 100% than with 50% reinforcement. It is conceivable that 
these differences may be accounted for in great part by ablation-produced 
changes in the incentive-values of the amounts of reward employed. Some 
indication of the plausibility of this interpretation would be provided by 
more detailed plots of the functions relating resistance to extinction and 
amount of reward in consistently and partially reinforced normal rats. 
Another possibility is that the shapes of those functions are themselves al- 
tered by the operation. 


SUMMARY 


Consistency of reinforcement (100% vs. 50%) and amount of reinforce- 
ment (0.23 vs. 1.46 gm. of food) were varied factorially in a spaced:‘.ials 
(24-hr. intertrial interval) experiment on resistance to extinction in normal 
rats and in rats that had been extensively decorticated in infancy. Both in 
normals and in operates, the PRE was found with high reward and not with 
low, but differences in pattern of resistance showed the effectiveness of the 
operation. Some discrepancies between the results for normal animals of 
this and of previous experiments also are considered. 


SERIAL REACTION-TIME AND THE TEMPORAL PATTERN 
OF PRIOR SIGNALS 


By WILLIAM BEVAN, Lrovp L. AVANT, and H. G. LANKFORD, 
Kansas State University 


Classical experiments on reaction-time have focused on the isolated stim- 
ulus-response event. Modern studies, in contrast, increasingly have viewed 
performance as a reflection of variables that function across a sequence of 
stimulus-response events. Of particular interest to current investigators, for 
botit-practical and theoretical reasons, is the relationship between response- 
time and the regularity of signal occurrence. A number of experiments re- 
port that reaction-time is increased by the introduction of variation into the 
schedule of presentation intervals. The same relationship holds in the lit- 
erature on the related area of vigilance. Signal detection is more efficient 
for regular than for irregular schedules? 

The prevalent idiom for discussion of these relationships is probabilistic. 
In the case of the reaction-time literature, the language is frequently that of 
information theory. In the case of vigilance, the widely influential concept 
of expectancy has been linked habitually to signal probability. For example, 
Colquhoun and Baddeley treat vigilance decrement in terms of a drop in 
signal probability And while Deese and Baker both emphasize the im- 


* Received for publication February 15, 1966. Supported by Contract Nonr- 
3634(01) between Kansas State University and the Physiological Psychology Branch, 
Office of Naval Research. j 
' See, e.g. Jack Botwinick and jose F. Brinley, An analysis of set in relation 
to reaction time, J. exp. Psychol., 63, 1962, 568-574; E. R. F. W. Crossman, 
ntropy and choice-time: The effect of frequency unbalance on choice-response, 
uart. J. exp. Psychol, 5, 1953, 41-51; Lawrence Karlin, Reaction-time as a 
unction of foreperiod duration and variability, J. exp. Psychol., 58, 1959, 185-191; 
Edmund T. Klemmer, Time uncertainty in simple reaction-time, J. exp. Psychol., 
51, 1956, 179-184; J. Alfred Leonard, The effects of ‘machine’ lag on a serial 
Choice task with balanced and biased input frequencies, Ergonomics, 2, 1958, 
44-51; P. D. McCormack and A. W. Prysiazniuk, Reaction-time and regularity of 
Inter-stimulus interval, Percept. mot. Skills, 13, 1961, 15-18. y, 
See, e.g. C. H. Baker, Attention to visual displays during a vigilance task; II. 
Maintaining the level of vigilance, Brit. J. Psychol, 50, 1959a, 30-36; W. P. 
olquhoun, The effect of ‘unwanted’ signals on performance in a vigilance task, 
"Sonomics, 4, 1961, 41-51; W. P. Colquhoun and A. D. Baddeley, Role of 
Pretest expectancy in vigilance decrement, J. exp. Psychol., 68, 1964, 156-160, 

Crossman, op. cit., 41-51; E. T. Klemmer, Simple reaction-time as a function 
or time uncertainty, J. exp. Psychol, 54, 1957, 195-200; Wendell R. Garner, 
Uncertainty and Structure as Psychological Concepts, 1962, Ch. 2. 

Colquhoun and Batldeley, op. cit., 156-160. 
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portance of mean level of expectancy, associated with a process of averag- 
ing, both also view as implicit in their treatment the importance of the rela- 
tive probability of occurrence of the several intervals that make up the 
signal program.5 Thus Baker explains the function of knowledge of results 
as providing "nothing more than knowledge of the true nature of the 
temporal structure of a series in order that observers can make accurate 
temporal extrapolations."^ 


The definition of expectancy in terms of probable occurrences requires two fur- 
ther assumptions: (a) The modal interval, as the most probable duration between 
signals, is logically identified as the best estimate of the average expectancy-value; 
(b) since relative frequency of occurrence of the several scheduled intervals is the 
significant property of the stimulus-program, expectancy necessarily must change 
with significant changes in the shape of the distribution of intervals. 

Given, however, another conceptual orientation, neither of these assumption$, nor 
the tie between them, remains necessary. The pooling model of adaptation-level 
specifies the mean of the several series intervals as the best estimate of average 
expectancy-level, and relative frequency is important only as it influences this inte- 
grated magnitude. Thus, if mean, range, and number of interval-sizes are held 
constant, serial reaction-time should not vary as a function of the shape of the 
distribution of presentation-intervals. In contrast, a simple relative frequency-model, 
given the same circumstances, must expect differences among the distributions a$ 
the position and relative frequency associated with the mode varies. It further is pre- 
sented with an ambiguous situation for prediction when confronted by rectangular 
and bimodal distributions. The purpose of this experiment is to compare average 
response-times for temporal series having different statistical structure and also 
response-times to test intervals of mean and other durations following series of 
different structure. 

It is interesting to note that while there has been general agreement about the 
importance of series-structure, there has been some variation in what is meant by 
this concept. In most studies the mean interval and the number of interval-sizes 
employed have been held constant, Some experiments simply have compared data 
for constant and variable interval schedules; however, the variable interval sched- 
ules have been normal, rectangular, and skewed When variable schedules have 
been compared, it has been usual for mean and shape to have been held constant 
while range has been varied." A few have allowed mean and variability," or even 


" T 
James Deese, Some problems in the theory of vigilance, Psychol. Rev. 62, 1955, 
559-568; Baker, Toward a theory of solae Canad. y Pyjcbol., 13, 1959b, 35-42 

* Baker, op. cit., 1959b, 40. 

William Bevan, Donald L. Hardesty, and Lloyd L. Avant, Response latency 
with constant and variable interval schedules, Percept. mot. Skills, 20, 1965, 969-972; 
Donald Hardesty and William Bevan, Response latency as a function of the tem 
poral pattern of stimulation, Psychol. Rec., 15, 1965, 385-392. ' A d 

*Karlin, op. ci, 185; Jack A. Adams and Lawrence R. Boulter, Spatial an 
temporal uncertainty as determinants of vigilance behavior, J. exp. Psychol, 67, 
1964, 127-131. 

? Baker, op. cit, 1959a, 30-32. 

1 McCormack and Prysiazniuk, op. cit, 15, L. R. Boulter and Jack A. Adams, 
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mean, shape and variability to vary together." In one earlier experiment, shape was 
the crucial variable.” 


EXPERIMENTAL SITUATION 


Experimental design. A simple independent groups design was used. Each of five 
equal-sized groups received a different temporal pattern of signals. One, the control 
group (C), received a program of 20 signals at constant intervals. The others re- 
ceived one or another variable-interval schedule: Group N, a normal distribution 
of intervals; Group R, a rectangular distribution; Group B, a bimodal; and Group 
S, a skewed distribution. a . 

Table I presents the number of trials and the relative frequency with which the 
several presentation intervals were used. 

In addition to the 20 signals of the adaptation-series each $ received one addi- 
tional trial as a test-trial. For half the Ss in each group this was after an interval 
z TABLE I 
THE NUMBER OF TRIALS AND RELATIVE FREQUENCY WITH WHICH EACH PRESENTATION- 
INTERVAL APPEARED IN THE SEVERAL ADAPTATION-SERIES 

Number of presentation-intervals in sec. 


Group 10 14 20 26 30 Ave. in sec. 
Constant (C) -i =o 3020 yr - = = 20.00 
Normal (N) 210% 420% 8 40% 420% 210% 20.00 
Rectangular (R) 4 20% 42005 4 pr] 420% 4200, 20.00 
Bimodal (B) 6 30% 315% 21 31 6 30% 20.00 


5% 
*Skewed (S) 525% 525% 1 5% 210% 735% 20.25 


4 To maintain the mean at approximately 20 sec. with 20 signals in the skewed dis- 
tribution, durations of 15 and 25 sec, replaced the 14 and 26 sec. intervals. 


0f 20 sec.; for a fourth, after an interval of 10 sec.; and for the remaining fourth, 
after an interval of 5 sec. 

Subjects. Two hundred undergraduate students, men, served as Ss, 40 in each 
Major group. The subgroups for test purposes contained 20, 10 and 10 Ss, respec- 
tively. 

Apparatus, The experimental task required the detection of the onset of a small 
amber light. The visual display consisted of a large black screen, separating S and 
E, with a 0.5 in. circular aperture at approximately eye-level. A small pilot lamp 
behind an amber filter provided the signal illumination. A silent (low friction) 
Switch mounted on E's side of the display, when activated, simultaneously illumi- 
nated the signal-lamp and started a Standard Electric Clock. A similar switch, 


Vigilence decrement the expectancy hypothesis, and intersignal interval, Canad. J. 
Psychol, 17, 1963, 201-209. J. E Dardibo, Relationships of intermittent noise, 
Intersignal interval, and skin conductance to vigilance behavior, J. appl. Psychol., 
46, 1962, 106-114, 

u 7 emmer, opp. citt., 1956, 179; 1957, 195-196. 3 " 
; „James J. McGrath and Albert Harabedian, Signal detection as a function of 
intersignal-interval duration in Donald N. Buckner and James J. McGrath (eds.), 

igilance: A Symposium, 1963, Ch. 8. 

Leonard, op. cit, 45. 
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mounted on a wooden apron on 5's side of the screen, when pressed, exi 
the light and stopped the clock. Response-latencies were read to 1/100 s 
noise was fed through head-phones to mask possible extraneous noise. 

Procedure, S was seated before the display and asked to remove his wa 
he was told that he was participating in a reaction-time experiment. It 
plained that a light would come on periodically and that he was to keep 
ferred hand on the switch in front of him so that he could turn the lig) 
quickly as possible. Then he was given the 20 adaptation- and 1 test-trials. 


order of presentation for each series was random. 
> 


RESULTS 


Variable versus constant interval series. In an earlier study, 
Hardesty and Avant compared a constant-interval series and a no 
distributed variable-interval series at six different mean interval va 
In five of the six cases, the variable-interval series had a larger 
response latency than the companion constant-interval series. For 
stant condition, mean time varied from about 270 m.sec. for the 
interval to about 390 for the longest. Comparable values for the variab 
dition ranged from about 300 to 430 m.sec. The difference between 0 
and variable schedules was approximately 25 m.sec. at the shortest me 
ration and about 40 at the longest. These relationships were not conf 
in the present data. The largest mean RL was found in the constant 
val group. The shortest occurred in the normal and the skewed va 
interval-groups. The reason for this failure of confirmation is Ut 
although the present results are in line with those of Boulter and 
who compared a constant interval series with rectangular dist 
covering different ranges.° These results, of course, also are con 
with Adaptation-Level Theory, which identifies central tendency 
than dispersion as the significant variable in the determination 
sponse. 

The importance of central tendency is indicated further by an at 
of response-latencies for each of the interval-durations used in the 
adaptation-series. Fig. 1 suggests the shortest response-times to be 
ted with the 20-sec. period, thus identifying the series mean as 
pected duration on each successive trial. Statistical analysis reve 
significant difference between the intervals source of variance [ 
(4,624) = 2.76; p < 0.05] with one-tailed /-tests (39 df) i 
clear significance between the 20-sec. and all other intervals exi 
30-sec. interval (t29.19 = 2.87, p < 0.005; 1,4, = 3.12, p < 0.005 


* Bevan, Hardesty, and Avant, op. cit., 970. 
* Boulter and Adams, op. cit., 202-204. , 
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tions unequivocally points out the irrelevance of relative frequency as a 
determinant of mean response latency [Faistrivutions (3,156) = 0.63; p 
> 0.05]. 

Response-latency and the shape of the distribution of variable intervals, 
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Fic. 1. MEAN LATENCIES OF RESPONSE FOR EACH OF THE 
SEVERAL INTERVAL-DURATIONS USED IN THE 
ADAPTATION-SERIES 


TABLE II 


Group MEANS rog RESPONSE-LATENCY AND VARIABILITY IN RESPONSE- 
LATENCY FOR THE SEVERAL ADAPTATION-SERIES 


Group Mean RL in m.sec. Mean series SD Mean range for 
20 sec. interval 
c 316 46.9 169 
N 304 36.9 105 
R 309 48.1 84 
B * 311 41.2 49 
S 304 36.7 


1 
= 2.07, p < 0.025; toy.s9 = 1.32, p < 0.10). The small F for distribu- 


| Column 2 of Table II presents the mean response latency for the several 
| adaptation-series, The over-all magnitude of these response values are 

typical of those found with this sort of task: Moreover, there are zo 
] "diable differences between constant and variable schedules, as noted 


ang Klemmer, 1956, op, cit, 180-182; Karlin, op. cit, 186-89; Bevan, Hardesty, 
Avant, op, cit, 970-972. 
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above, nor between any combination of the variable schedules [over-all f 
(4, 195) = 0.52; p > 0.05]. The contention of Adaptation-Level 
thus would appear to be confirmed. At the same time the discrep: 
tween these and earlier findings demand reconciliation. Kle 
Dardano, comparing rectangular distributions, both found reactio 
to increase with foreperiod and intersignal range, respectively; 
Leonard reports a shorter average response time for a skewed 
pared to a rectangular distribution.1* Related to these results are Bi I 
report of poorer detection-efficiency with a wider-range skewed 
tion and Colquhoun's finding of increased efficiency with an in: 
the frequency of "unwanted" over "wanted" signals.® The key 
solution is suggested by Kristofferson’s recent studies of attenti 
Where the task, as structured for or by S, is one of simply detec ng 
presence or absence of signals, simple averaging of the critical prop 
provides the best response strategy over trials. When, however, 
requires discrimination of critical (signal) from non-critical (non: 
properties of sequenced stimulus-events, averaging must be supplen 
by the comprehension of statistical structure for efficient respon 
occur. In each of the studies just mentioned, 5 was required to dil 
tiate "wanted" from "unwanted" stimulus-events. ^ 
Performance on the test-trial. The significance of the simple ave 
of criterion magnitudes as a principle of response is demonstrated 
formance on the test-trials. Here it is seen (Fig. 2) that the dec 
in response-latency are smallest when the test interval coincides 
mean of the adaptation-series [Fretwoen intervals (2,185) = 
< 0.001], a relationship uninfluenced by the statistical structure of 
series [Pretwoen group (4,185) = 2.28, p > 0.05; Feroup = fi 
(2,185) = 1.57, p > 0.05]. The data are especially impressive f 
bimodal and skewed distributions, for in these sequences the mean 
val occured only twice and once respectively while 45 and 5 
trials had intervals closer than the mean to the test-values. These 
in agreement with the results of Turner and Bevan who report no di 
ence in average response latency to a test-trial at the series mean wh 
series were constant interval, normal variable, rectangular variabli 
rectangular variable transformed over trials to a constant interval sch 
They also confirm Hardesty and Bevan's finding that ARL appr 


P cic 1956, op. cit, 180-182; Dardano, op. cit, 105-118; Leo 
L4 Baker, op. cit., 1959a, 32-33; Colquhoun, op. cit., 94-98. 
? Alfred B. Kristofferson, Attention in time discrimination and 
NASA CR-194, 1965. 
" Edward D. Turner and William Bevan, Response latency as a fum 
statistical structure of presentation intervals, J. gez. Psychol, (in press). 
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zero for a testinterval of mean duration and is significantly larger for 
both shorter and longer intervals. Recently Bevan, Bell, and Taylor 
have found the same relationship to hold when the criterion vatiable was 
pitch—in contrast to duration of presentation interval—on the test-trial.?? 

Variability in tbe series responses, Although the magnitude of the 
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Fic. 2. DECREMENT IN LATENCY OF RESPONSE ON THE 
TEST-TRIAL AS A FUNCTION OF THE DURATION OF THE 
‘TEST-INTERVAL 


MEAN DURATION OF THE PRESENTATION-INTERVAL DURING 
THE ADAPTATION-SERIES WAS 20 SEC. 


Series norm—given an invariant input mean, range, and set of unit sizes 
=s uninfluenced by the frequency-distribution of the input variable, it 
!5 possible that statistical structure may relate in some other significant 
fishion to responsivity, For example, Bevan and Saugstad report that 
While differences in unit-size had no effect upon a judgmental norm, it 


n 
4, Hardesty and Bevan, op. cit., 388-389. $ 

fe illiam Bevan, Russell A. Bell, and Curtis Taylor, Changes in response la- 
cy following shifts in the pitch of a signal, Kansas State Univ, O: R tech. 
Port. No. 36, 1965. 
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did affect the clarity with which the judgemental scale was articulated, as 
inferred from the variability of each judge's response about his own 
mean.?? They found that while training on an easy discrimination had no 
effect upon the adaptation-level for a more difficult task, it did result in 
more precise judgements than those following training on a task of equal 
difficulty to the test-task. 

Column 3 of Table II contains the group averages of the individual 
SD in each group. A simple analysis of variance indicated the groups to 
differ significantly among themselves on this measure [Fretween group 
(4,195) = 11.59, p < 0.05]. Duncan's New Multiple Range Test ap- 
plied to the rank-ordered means, with criterion set at 0.05, showed vari- 
ability for the skewed and normal distributions to be significantly less 
than that for the rectangular and constant-interval groups. The banodil 
group fell between these two levels and did not differ reliably from either. 
Such results resist completely meaningful interpretation. One reasonably 
may anticipate the greatest variability to be associated with the rectangu- 
lar distribution, but by the same token, that associated with the constant 
interval condition should be smallest. When statistical structure is 
thought of in terms of its ambiguity for a single-valued response-logic, 
the expected order of average variability scores, from smallest to largest, 
is: constant interval, normal, skewed, bimodal, and rectangular. The re- 
lation between this expected and the obtained order is not significant 
[p = 0.30; S(d*) = 14; p > 0.20]. 

A second measure of precision was also tried. This was the range of 
individual response-times on the 20-sec. trials, This value was selected 
because it corresponded to the series mean and also because, as the 
middle most value, it seemed to show the greatest spread of response 
times. Since the skewed group had a range of zero for this value it was not 
included in the comparison. The rightmost column of Table II contains 
these values. Again, analysis of variance revealed a significant between- 
groups source [FPretween groups (3,156) = 28.24; p < 0.001]. Duncan's 
New Multiple Range Test, with criterion set at 0.001, indicated the con- 
stant interval to differ from both the rectangular and bimodal groups, 
and the bimodel from all others. Again, the significance of the order is 
obscure (it correlates with the expected order negatively: [p = 0-80; 
S(2) = 18, p > 0.10], except that it is perfectly negatively correlated 
with the frequency of 20-sec. trials, 


? William Bevan and Per Saugstad, Breadth of experience, ease of discrimination, 
and efficiency of generalization, Brit, J. Psychol., 46, 1955,” 13-19. 
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SUMMARY 


This experiment examined the relationship between response-latency 
to serially-presented simple visual signals and the frequency-distribution 
of presentation-intervals within the stimulus-series, when mean duration, 
range of duration, and the number of different sized intervals was held 
constant. A total of 200 Ss (men) were tested with the following types 
of distributions: constant interval; normal variable interval; skewed 
variable interval; bimodel variable interval, and rectangular interval. No 
differences among the series means were obtained for any of the distribu- 
tions. Response-times were shortest, however, for the mean as compared to 
the other intervals used in the adaptation-series. Ss also were given one 
additional test-trial. Response-latencies were shortest when this test-in- 
terval ‘corresponded to the mean of the series, and was longer as the test-in- 
terval deviated from the mean. Again, the statistical structure had no rela- 
tionship to response on the test-trial. Variability of response differed 
among the several types of distribution, but the significance of this vari- 
ability is obscure. These results emphasize the role of the mean interval— 
in contrast to the statistical shape of the interval program—as a deter- 
minant of the occurrence of signals on successive trials. 


By W. J. Ricuarps and P. V. LiviNGSTON, University of 


Perception of the passage of time is a psychological process 
attracted much experimental study in recent years, as is indicate 
number of studies summarized by Wallace and Rabin. One fi 
cerning time-perception seems to be well established. Woodrow 
evidence to support the statement: “In general, the just noticeable dil 
(j.n.d.) is smallest at some relatively short magnitude or range of ma 
tudes and increases both above and below this middle region." 


Andreas suggests that ability to discriminate short intervals more accural 
long ones might result from the fact that less retention is demanded of i 
“for the comparison of longer intervals, a subject has to retain his perceptio 
first interval until the second one is terminated"? He hypothesizes that if 
vals were separated by a compensatory inter-stimulus interval, judgments ` 
comparable in accuracy to those for long intervals. 

Kowalski attempted to determine the influence of varying delay-intervi 
the duplication of short temporal intervals. Delay-interval or inter-stimul 
may be defined as that amount of time which elapses between the end 
stimulus and the starting of the second stimulus. Seven delay-intervals ra 
2,5 to 30 sec, and seven stimulus-durations ranging from 0.48 to 16.2 
completely randomized and presented to 30 high school Ss. His results 
the conclusion that stimulus-duration was a more important determinant of 
under-estimation of a temporal interval than was interstimulus-interval. 
found a tendency for accuracy of time-duplication to increase with increase 
delay-interval, although the trend was nonsignificant. 

It would appear from Kowalski's work that not only is length of the d 
val of doubtful importance, but that accuracy of reproduction is at least as | 
not better, under the longer delay intervals used than it is with a short 

A second study bearing on the question of the effect of inter-stimulus 
estimation of time was done by Fox.’ He investigated the effects of diffe 


RE 

* Received for publication October 18, 1965. : 
D Wallace and A. I. Rabin, Temporal experience, Psychol. Bull, 
E Herbert Woodrow, Time perception, in S. S. Stevens (ed.), Handi 
peana Psychology, 1951, S a be 
. G. Andreas, Experimental Psychology, 1960, 332. 
*W. J. Kowalski, The effect of aay Apoi the duplication of short 
intervals, J. exp. Psychol., 33, 1943, 239-246. ^ 
5G. J. Fox, The effect of interval and duration of visual stimuli upon 
error, Psychol. Newsltr., 45, 1952, 1-17. Li 
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intervals and different durations of visual stimuli upon the time-error and vari- 
ability of response in a successive comparison of stimulus-durations. Three stimulus- 
durations from 2 to 6 sec. and five delay-intervals from 1 to 8 sec. were used. 
Two trained Ss made judgments of these combinations of stimulus-duration and 
delay-interval by the method of constant stimuli. Fox concluded that the time- 
error changed from negative to positive as delay-interval increased, and that stimulus- 
duration was not an important influence on S's judgment. 

Thus, Fox and Kowalski have drawn contradictory conclusions regarding the in- 
fluence of the delay interval on time-perception. A possible explanation for the 
contradiction lies in the fact that Kowalski used the method of reproduction while 
Fox used the method of comparison (że. constant stimuli). 

Bindra and Waksberg describe the methods commonly used in studies of time 
perception.’ They define the method of comparison as being a variation of the 
method of reproduction, inasmuch as both involve an operative presentation of the 
standard and a judgment which also refers to an operatively delimited duration. 
This conclusion may be correct, but it should be supported by experimental evi- 
dence. 

The method of comparison readily lends itself to studies of the perception of 
time. It allows stimuli to be presented in random order, and eliminates judgments 
based upon objective time-units (i.e. both intervals may be presented without men- 
tion of a conventional time-unit). It would be desirable to have data relating this 
method to the method of reproduction, since the latter method is probably most 
frequently used in time studies. 


The present study used two methods, reproduction and limits, and the 
same levels of standard and delay for each method. The method of limits 
differs from the method of constant stimuli employed by Fox, but both 
methods require $ to make judgments of successive comparison. Thus, one 
purpose of the study was to compare accuracy of time-estimation as mea- 
sured by the two methods. 

There are two aspects of accuracy in discrimination. One may ask how 
closely S’s estimate approaches the objective value of the standard, or he 
may ask how variable are S's judgments around his own mean estimate, 
The first concept of accuracy is measured by S's constant error; the second 
by an evaluation of the variability of S's judgments. A value for the 
constant error (CE) may be determined both for the method of repro- 
duction and for the method of limits. As a measure of variability one may 
use the semi-interquartile range (SIQ) for the method of reproduction 
and the DL for the method of limits. These measures seem most ap- 
propriate since time data are usually skewed. 

A second purpose of the present study was to test, using both methods, 
Andreas’ hypothesis concerning the effect of a compensatory delay interval 


*Dalbir Bindra and Hélène Waksberg, Method and terminology in studies of time 
estimation, Psychol. Bull., 53, 1956, 155-159. 
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on judgments of short temporal intervals. He hypothesized that 
pensatory delay-interval were introduced between the standard and. 
parison stimulus, accuracy of estimation of short durations would 
differ significantly from those for long durations. k 


Method. (1) Subjects There were 32 Ss, 13 male and 19 female volur 
from undergraduate psychology classes. Ages ranged from 18 to 49 yr, with 
80% falling within a range of 18 to 25 yr. All were naive with respect to tl 
studies of time-estimation. $ a) 

(2) Apparatus Stimulus-durations and delay-intervals were controlled by th 
Hunter Model 111A interval-timers. A Hunter Model 120 Klock-Kounter serv 
record $'s reproductions and to monitor time-intervals when the method of 
was used. Recording equipment was located in a room adjoining S's, but E 
could see one another through a glass panel. 

Equipment in S's room consisted of a flat black plywood panel containing a 
stimulus-light, a red warning light, and a warning buzzer. A telegraph-key was 
tached to the table and was used by $ to give his time-reproductions, A micro 
and speaker were used for communication between E and S. A fan served to 
distracting sounds from outside the room. 

Procedure Each $ was tested with each of the three stimulus-durations, one. 
the two methods, and only one delay-interval. The method to which each $ y 
assigned was determined by the flip of a coin. Only one delay interval was 
with each S in order to avoid an overly long session. The interval used for a 
S was drawn randomly, without replacement. Therefore, four Ss were required 
one replication under each method, The Ss were given six practice trials will 
stimulus-duration and delay-interval not used in the experiment proper. 

Four delay-intervals (2, 8, 16, 25 sec.) were used with each of three stim 
durations (2, 8, 16 sec.). All combinations of stimulus-duration and delay-i 
were used with each method, making a total of 24 different sets of conditions, 

Method of limits At the start of each session S was told that a warning b 
would sound before the beginning of each trial. He was instructed to judge 
second duration in terms of the first. He was also instructed not to count or 
any aid to measure the intervals. : 

Four series of stimuli counterbalanced for ascending or descending order. 
used. The order of presentation of standard and comparison was randomly 
mined with the restriction that each must appear an equal number of times in fir 
and second positions. P 

(3) Method of reproduction Instructions were given concerning the wa 
buzzer. The stimulus-light was turned on for the appropriate duration. After 
correct delay interval, the red warning light flashed to indicate to $ that he 
begin his reproduction. A 

Each combination of stimulus-duration and delay-interval was presented 20 time 


Results. All data were analyzed with respect to the two types of n 
sures of accuracy of discrimination mentioned earlier, Table I shows the 
mean PSE-values (the first measure of accuracy) obtained with the two 
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methods. The values are expressed as percentages of the standard duration 
to make them comparable for different values of the standard. 

Bartlett's test for homogeneity of variance yielded a Chi-square value 
significant beyond the 0.01 level. The test was then applied to the two 
methods separately. The test yielded, for the method of limits, a non- 
significant value; for the method of reproduction, a value significant be- 
yond the 0.01 level. A square root transformation was made on the data 
for the method of reproduction and a Barlett's test performed on the 
transformed data. The Chi-square value obtained was not significant at 
the 0.05 level. A Barlett’s test was then made for the transformed data of 


TABLE I 
e MEAN PSE As % or THE STANDARD 
Delay (in Sec.) 
Standard (in Sec.) 
8 16 25 M 
Method of Reproduction 
2 105.613 96.163 104.237 106.837 103.212 
8 98.717 99.695. 95.047 99,387 98.212 
16 89.377 95.240 92,125 — 104.970 95.428 
M 97.902 97.033 97.136 — 103.731 
Method of Limits 
2 100.463 98.750 97.812 96.562 98.397 
8 101.952 101.155 101.172 100.000 101.070 
16 99.705 — 103.217 97.657 102.552 100.783 
M 100.707 101.041 98.880 99.705 


the two methods combined. Again, the value obtained was significant 
beyond the 0.01 level. Consequently, it was decided to analyze data for 
the two methods separately, using transformed data for the method of 
reproduction and original data for the method of limits, 

The analysis of variance for the method of reproduction showed that 
only the standard duration contributed a significant amount to the total 
variance (F = 4.734; df 2, 24; p < 0.05). The same analysis for the 
method of limits showed the standard duration to be significant (F = 
3.920; df 2, 24; p< 0.05) as well as the interaction between standard 
and delay interval (F = 3.584; df 6, 24; p < 0.05). 

From the data on PSEs one may determine the value of the constant 
error (CE) for the various conditions. Fig. 1 shows the mean CE at each 
standard duration, i.e. the points represent the mean CE for the four delay 
intervals, 

Table II shows DL and SIQ values for the methods respectively. The 
values shown are expressed as percentages of the standard duration. 
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Bartlett tests indicated heterogeneous variance for the data of the com- 
bined methods, and also showed that the data from the method of repro- 
duction produced the major part of the total variance. Therefore, a square 
root transformation of the data for the two methods was made and an 
analysis of variance performed on the transformed data. The analysis 
showed only one factor to be significant, and this was the standard duration 
(F = 7.346; df 2, 48; p « 0.01). 

Data from each method were also evaluated separately. Transformed 
data for the method of reproduction were used in the analysis of variance, 
and no significant F-values were obtained. 


TABLE II 
DL AND SIQ As PERCENTAGE OF THE STANDARD DEO 


Delay (in Sec.) 
Standard (in Sec.) 


8 16 25 M 
Semi-Interquartile Range 
2 12.77 17.75 18.81 20.75 17.52 
8 10.98 17.09 10.86 11.79 12.68 
16 14.27 8.15 13.23 13.43 12.27 
M 12.67 14.33 14.30 15.32 
Difference Limen 
2 13.55 16.85 20.95 14.70 16.51 
8 14.83 15.22 12.89 17.17 15.03 
16 10.48 13.17 11.13 11.42 11.64 
M 13.07 15.08 14.99 14.43 


Original data (DLs expressed as percentages of the standard) were 
used in the analysis for the method of limits. Only the standard duration 
contributed a significant amount to the total variance (F = 7.143; df 2; 
24; p « 0.01). 


Discussion. A comparison of the variances of PSE showed that the measures for 
the method of reproduction were considerably more variable than were those for 
the method of limits, This finding is understandable if one recognizes that the two 
methods are not equally sensitive to the large amount of variability in the judgments 
of the untrained $. When the method of limits is used, comparison-stimuli ate 
paired with a standard and S is asked to judge the relationship of the second dura- 
tion to the first duration. Comparson-stimuli are selected so $ is always able to 
judge correctly stimuli at the extremes of the series. Since each ascending or de 
scending series yields only one set of measures (e.g. PSE or DL) the contribution of 
any single judgment in the series is relatively small. 

When the method of reproduction is used, each judgment of $ contributes equally 
to the determination of the mean PSE. Further, there is no restriction on the setting 
which $ may make, which is not true with the method of limits. Thus, it seems 
inevitable that the judgments of untrained Ss tested with the method of reproduc- 
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tion would be more variable than would those of Ss tested with the method of 
limits. 

The analysis of variance for the PSE data showed the standard stimulus dura- 
tion contributed significantly to the total variance with both methods. The standard- 
delay interaction was significant only for the method of limits. 

Although the delay-interval did not, according to the analysis of variance, con- 
tribute significantly to the total variance, the effects should be examined. Data for 
the method of reproduction averaged over the three standards show that the value 
of the PSE appeared to increase from the shortest to the longest delay interval (Table 
I). This suggests a change in the CE from & negative to a positive value. Although 
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Fic. 1. MEAN CE FoR THE Two METHODS 


such changes were not statistically significant in either study, the changes in the CE 
observed in the present study were similar to those reported by Kowalski.’ 

The same data for the method of limits show a trend in the CE in the reverse 
direction, Ze. PSE decreased from the shortest to the longest delay-interval, or the 
CE changed from a positive to a negative value. This result failed to confirm the 
finding of Fox who concluded that the value of the CE progressed from a negative 
to a positive value as length of the delay interval increased. The two studies are, 
however, not directly comparable, since the longest delay-interval used by Fox was 8 
sec. These statements concerning the effect of the delay-interval for the method of 
limits are somewhat oversimplified, since a significant interaction was found between 
the standard duration and the delay-interval. 

The variable shown by the analysis of variance to affect significantly the results 
with both methods was the standard stimulus-duration. Fig. 1 shows the CE for 
each method plotted as a function of the standard duration. The curve showing the 
mean of the four delay intervals for the method of reproduction shows that the CE 


; Kowalski, op. cit. 245ff. 
Fox, op. cit, 16ff. © 
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changes from a positive to a negative value as the stimulus-duration i 
finding is consistent with the results obtained by other investigators that. 
tendency to overestimate the short durations (1 sec. or fraction thereof) a 
derestimate the long ones.’ In the present study the 2-sec. duration was 
mated. Prior studies have usually shown this duration to be underestim: 
facts suggest that the tendency to overestimate may begin somewhere bet 
tions of 1 to 2 sec. 

The function for the method of limits shows a tendency to underestim 
sec. duration and to overestimate the 8- and 16-sec. durations. This trend 
opposite direction from that obtained with the method of reproduction, 
trary to the general statement of Wallace and Rabin that relatively short 
tend to be overestimated and relatively long ones underestimated.” Ther 
however, been other exceptions to the general statement." 

The preceding analyses have been concerned with S's accuracy as indicate 
PSE and CE, A second estimate of accuracy is given by a measure of the v 
of S’s judgments around his own mean estimate. The DL and the SIQ 
for this comparison of the two methods. Despite other differences, each 
techniques measures one half the middle range of judgments. 

Analysis of variance of the data in Table II showed the standard duration 
the only significant factor affecting the measures of variability for the two 
combined, and for the method of limits considered separately. The factor 
statistical significance for the method of reproduction. It should be noted tl 
and SIQ averaged across delay-intervals tended to decrease as standard di 
increased. 

Woodrow reported that as standard duration increased the measures of 
progressively increased." There is no obvious explanation for the discre 
tween the findings he reported and those of the present study. One different 
that trained Ss were used in the studies he reported, but one would exp 
effects of training to be similar at all standard durations. 

Data from the present study provide no support for Andreas’ hypothesis. 
compensatory delay between short durations would make accuracy of judgme 
these durations comparable to that for longer durations.” The length of the 
interval was found not to affect significantly either measure of accuracy. of 
ment. 


SUMMARY 

Effects of method, standard duration, and delay interval upon 
estimation were measured by PSE, DL, and SIQ. The methods of 
and reproduction were employed. Thirty-two Ss volunteered from 
graduate classes in psychology. Each $ participated in one meth 


” Kowalski, op. cit, H. J. Smythe and Sanford Goldstone, The time 
normative, genetic study of the development of time perception. Percept mot. » 
7, 1957, 49-50. 

" Wallace and Rabin, op. cit., 221. 

™ Wallace and Rabin, op. cit., 219. 

? Woodrow, op. cit., 1225. 

™ Andreas, op. cit., 332. ^ 
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standard durations, and one delay-interval at each standard duration. 
Standard durations of 2, 8, and 16 sec, and delay-intervals of 2, 8, 16, 
and 25 sec. were used. Major findings were: (1) Variance of the PSE for 
the method of reproduction was significantly greater than for the method 
of limits; (2) Standard stimulus duration affected judgments significantly 
for all measures except SIQ; (3) As length of standard duration in- 
creased, CE for the method of reproduction changed from positive to 
negative; for the method of limits, the trend was reversed; (4) Accuracy 
of discrimination as measured by DL and SIQ increased as standard dura- 
tion increased. 


AN EXACT TEST OF THE SIZE-DISTANCE 
INVARIANCE HYPOTHESIS 


By M. L. Cook, Australian National University, Canberra, A.C.T. 


An object o lying in a fronto-parallel plane, subtends an angle 6 at an 
observer. Its radial distance from him is d, and its frontal size is sọ. It is 
sometimes asserted that the observer's (O's) visual space is so structured 
that, if 5,’ and d’, are the perceived frontal size and radial distance of 0, 


s/d = f(®) Iu 


where {(@) is a positive monotonic function. This equation carries the | 


implication that the same ratio of perceived size to perceived distance oc 
curs for all objects subtending the same visual angle. 

More specifically, many writers have suggested the relationship, 

So / ds = kso/do pF 

Both Equations [1] and [2] have been called the size-distance invari- 
ance hypothesis, and both account for the easily demonstrated facts that 
where @ is increasing, an object appearing to remain the same size appeals 
to approach the observer and an object appearing to remain the same dis- 
tance, appears to increase in size. Similarly they account for the fact that 
if two objects subtend the same visual angle, that which appears the 
further also appears the larger. The linear function of Equation [2] has 
the particular appeal for many authors, for example Ittelson,* that it 
implies that O's visual space is structured in accordance with the geometry 
of retinal perspective. 

During the past 15 yr. numerous investigations have been concerned 


* Received for publication February 28, 1966. 

is W. H. Ittleson, Visual Space ptor 1960, 58; R. P. McDonald and P. T. 
O'Hara, Size-distance invariance and perceptual constancy, this JOURNAL, 77, 1964 
276-280; A. M. Hartman, Effect of reduction on the relationship between apparent 
size and distance, this JOURNAL, 77, 1964, 353-366, None of these authors gives 
Equation [1]. This is, however, a convenient mathematical expression of the various 
principals suggested, 

; Ittelson, op. cit., 68; William Epstein, The known-size-apparent-distance hypoth- 
esis, this JOURNAL, 1961, 74, 333-346; E. E. Rump, The relationship between per 
ceived size and perceived distance, Brit. J. Psychol, 52, 1961, 111-124; W. = 
Gogel, E. R. Wist, and G. S. Harker, A test of the invariance of the ratio of pet 
ceived size to perceived distance, this JOURNAL, 76, 1963, 537-553. For some o 
these authors, k — 1. This does not however, affect the argument. Some authors 
wae ©. in place of $,//2, in Equation [2]. For small O these are, however, equ 
alent. 

* [ttelson, op. cit., 55-58. 
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with the way in which visual angle determines perceived sizes and dis- 
tances. Many techniques have been employed for this purpose. For example, 
Over asked his Os to estimate the sizes and distances of objects in physical 
units. Gogel, Wist, and Harker asked theirs to match the sizes and dis- 
tances of objects kinesthetically.* Probably the most common procedure has 
been that of asking O to make visual size- and distance-matches.? The 
present discussion is concerned with this last technique. 

The arrangement illustrated schematically in Fig. 1 will be taken as 
representative of that employed by investigators using this technique. 


The central channel represents a Standard object. Its frontal size is ss: and its 
radial distance is dsr. The right hand channel represents a Size variable. An object 
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Fic. 1, A SCHEMATIC REPRESENTATION OF AN EXPERIMENT IN SrzE AND 
DISTANCE-PERCEPTION 


of variable size is placed in this channel at a constant distance (desc). Its size 
is adjusted so that it appears equal to that of the variable. The setting of the Size 
Variable at the PSE will be symbolised as seata). The left hand channel represents 
a Distance Variable. An object of constant size (Seacay) may be varied in distance. 
This is so adjusted that it appears equal to the distance of the standard. The 
setting of the Distance Variable at the PSE will be symbolised as deaca). 

The Standard is viewed under the conditions for which the hypothesis is to be 
tested. The Size-and Distance-Variables are usually viewed under conditions pro- 
viding good cues to distance: they are placed in fields providing many petspective 
cues and are commonly viewed binocularly. ies 

It is possible, on the basis of such data, to make weak tests of the size-distance- 
invariance hypothesis. For example, suppose that changes are made in the size and 
distance of the standard in such a way as to keep its visual angle constant, Then, 


_ ‘Ray Over, Size-and-distance-estimates of a single stimulus under different view- 
ing conditions, this JOURNAL, 76, 1963, 452-457. f 

‘ Gogel, Wist, and Harker, op. cil, this JOURNAL, 76, 1963, 552f. ; 

Epstein, op. cit, 344f; Rump, op. cil; i226; Hartman, op. cit, 365f. 
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if increases in d««(a) over the different conditions are accompanied by increases in 
Svata), the data is in keeping with the hypothesis. Such considerations, however, do 
not enable a strict test to be made of Equations [1] or [2]. 

Some authors have attempted to use such data to Carry out a strict test, For 
example, Hartman used Standard objects subtending a constant visual angle." He 
described svaca) as the ‘apparent size’ of the standard and vata) as its ‘apparent 
distance,’ He then tested the relationship, 


feat) / dea ca) = constant [3] 


and regarded this as a test of Equation {1]. Similarly, Rump tested Equation [3] 
under conditions of constant visual angle, by testing for a linear relationship be- 
tween svate) and daca? Extending this procedure to situations in which © is not 
constant, the relation 


Sea(s)/deaca) = €fit/dui, [4] 


where c is a constant, might be regarded as a strict test of Equation [2]. The 
question arises as to what interpretations of the perceptual variables would justify 
such procedures. 

The common usage in this area, of describing the physical magnitudes of the 
size- and distance-variables as the Corresponding ‘perceived’ or ‘apparent’ magni- 
tudes of the standard, Suggests that perceptual and physical magnitudes are re- 
garded as commensurate. Thus Gogel, Wist, and Harker, consider the possibility 
of an identity of perceived and physical distance in a well structured field. They 
teject this possibility on empirical rather than 4 priori grounds.” Tests of Equa- 
tions [3] or [4] would seem to be based on an assumption that within the chan- 
nels containing the variables, perceptual and physical magnitudes are identical. (In 
this case of course, the size-distance hypothesis must hold for at least these condi- 
tions). 

Two numerical interpretations of ‘perceived’ sizes and distances suggest them- 
selves. First, perceived Spatial extents might be defined as O's estimates in physical 
units, of physical spatial magnitudes. In this case the procedures described might 
be based on the assumption that an O asked to estimate, say in inches, the physical 
magnitude of dvacay and Seats), would do so correctly. There is evidence, however, 
that even in well structured fields, estimates of physical magnitudes may be sys- 
tematically in error. Thus Gogel, Hartman, and Harker found, under such con- 
ditions, a tendency to underestimate distances." Moreover, their data imply à 
degree of nonlinearity in the relationship between estimated and physical distance. 

Secondly, ‘perceived spatial extents’ might be interpreted as values on a judg- 
mental scale. Under this interpretation different physical extents are characterised 
by numbers which represent the observer's quasi-quantititive judgments of these 
extents. Typically, such scales are Obtained by fractionation or equisection. The 
scale values assigned to various Physical extents by such techniques are not unique 
and the unit of the scale is independent of the unit of physical extent. In this case, 


* Hartman, op. cit., 367. 

* Rump, op. cit., 124. 

* Gogel, Wist, and Harker, op. cit., 542. En 

? W. C. Gogel, B. D. Hartman, and G. S. Harker, The retinal size of a farii 
object as a determinant of apparent distance, Psychol, Monogr.,'71, 1957, (No. 4 
1-16. 
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an assumption that perceived and physical extents are identical, is illegitimate on 
purely a priori grounds. 

It will be seen that Equations [3], and [4] would provide legitimate exact tests 
of the size-distance invariance hypothesis, provided that certain assumptions held 
regarding the relationships of the physical and perceptual scales. It is possible, 
however, to carry out exact tests of Equation [2] using matching procedures 
without making such assumptions. 

Consider any two objects, « and 5, and assume that the linear form of the size- 
distance-invariance hypothesis holds, Then from Equation [2], se'/da’ = ksa/da and, 
a! = 5a'do/ksa; similarly, do’ = so'de/hsy, Dividing, 

da fda = (Sa'/s0') (dosv/dvsa). [4] 

Suppose that a and 4 are such that O judges them to be equal in frontal size. 
Under both interpretations of perceived extent discussed above, they would be of 
the same perceived size (sa = 5). 

In this case, Equation [4] simplifies to, 

d, /V = dese/dose [5] 
By a corresponding argument, if instead a and 5 are judged to lie at the same 
distance. 

o//5»! = dits/ dafs. [5a] 

Consider now the three objects illustrated in Fig. 1 and suppose that, by the 
procedure described, size and distance matches have been made. 

Then by Equation [5], 
dui! / desi)! = diisssco/dsacisit. [6] 
Similarly by Equation [5a], 
ii /) 5enca) = deoa) fet/ ea ct) at. [6a] 
But since deaca) was obtained by making a distance match, d.’ = dwata’. Thus 
substituting this equality into Equation [6], 
desc) / deat)! = diitesco/dvatysin, [7] 

The ratio d'saca)/d'vata) may, however, be estimated independently, provided that 
Size-adjustments of the Size-Variable do not produce changes in its perceived dis- 
lance. 

Suppose, maintaining the distance variable at the setting daca, that the Size 
Variable is so adjusted that it now appears the same size as the Distance Variable. 
This second setting of this variable will be designated by $4). Then applying 
Equation [5], 

decay /deacoy! = deata)Sea 0) / deo ()5ea (4) [8] 
Combining Equations [7] and [8], 
desta S vacsy/dvaca) fnt) = datfeaci/ den) fut 
and, 
Svat) = SvacaydetSeacsy / 51d ea c) [9] 
If this equality does not hold, the linear form of the size-distance-invariance hypoth- 
esis does not hold. 

Alternatively, a similar test may be based on a second adjustment of the Distance 

Variable, Suppose that when the Distance Variable is adjusted, no change occurs 


“This is the case by definition where perceived extent is interpreted as value on 
a judgmental scale. In the case of the alternative interpretation, it may be assumed that 
the estimated physical magnitudes of extents that are judged equal, will be the 
same, 
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in its apparent size. Maintaining the setting of the Size Variable at 
tance Variable is so adjusted that it appears at the same distance as the Si 
This setting will be designated Zaca». Then, if the size-distance-invaria 
sis holds, by an argument analogous to that employed above, 
deat) = eaca)dva(s)Sat/AsiSoacx 


ing its apparent size. In this case, re-arranging Equation [9], 

Sva(s)/dvacay = (Sat/dat) (Sears) /Seaid). 
If the size-distance-invariance hypothesis is correct, Equations [9] and 
hold. In this case therefore, Equation [4] can hold only if, 

Seata)/Svaca) = € 

In any other case, an experimenter carrying out the usual procedure 
Equation [4] will draw the incorrect conclusion that the size-distan 
hypothesis is false, 


. applying Equation [2], 
Feate)/Seaca) = desc desco/desco'deico. 
If therefore, Equation [11] holds, 
esta) deco» / donc) deca) = € 
and 
desto) desto) = cdeact/ dos co. 
"That is to say that in the channel containing the Size Variable and. 
taining the Distance Variable, perceived distance is proportional to phy 
tance. But since the size-distance-invariance hypothesis holds in this hy 
case, this implies that perceived size is proportional to physical size 
channel. The same conclusion follows from a consideration of Egi 
Under these circumstances then, Equation [4] provides a valid test. 
[2]. Similarly, it is only under these circumstances that Equation [3] 
valid test of Equation [1]. There is evidence, however, that even 
viewing a well structured visual field binocularly, perceived and physica 
are not proportional. Thus Gilinsky, and Weckowicz, Somner, and Hall 
that under such conditions, perceived distance is a negatively acceleratin; 
of physical distance." In general therefore, Equations [3] and [4] do m 
valid tests of the size-distance-inyariance hypothesis. 3 
Statistical considerations, * 
Consider Equation [9]; Since, in practice, an O's judgments vary from tri 
the determinate values of the variables of Equation [9] must be replaced 
expectations. Thus, Equation [9] may be replaced by 1 


"Equation [2] is the special case of the power function s0’/do’ = Å 
which 4 = 1. It can easily be shown that if this relation held, Equations [9. 
would hold irrespective of the value of a. The suggested technique ther 
vides a test of this more general relationship. EN 

LT. E. Weckowicz, R. Sommer, and R. Hall, Distance Constancy in Schi; 
patients. J. Ment. Sci., 104, 1958, 1174; A. S. Gilinsky, Perceived size and € 
in visual space, Psychol. Rev., 58, 1951, 460-482. a 
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E(Svaca)) = (Soacaydar/See) [E(Seacay) /E(dosto)] {14] 
(The expected value of Srecan will be interpreted as the expectation of the size match 
when the Distance Variable is set at the expectation of dvacay). 

A test of Equation [14] involves finding an unbiassed estimator for the ratio of 
expectations, E(scac«y)/E(dvaca)). It is more convenient to estimate a product of 
expectations and for this reason, to test the equivalent equation, 

E(Seacs)) E(deacay) = feto iE(50))) /Set 
or, 

D = E(Sen(s)) E(dea(ay) — Sea(aydstE (Svacey) /Set = 0 [15] 

The mean 72,,,(4), Of a random sample of values of Svata) is an unbiassed estimator of 
E(svacs)). Provided that any correlation between Š vaca) and saco is at least approxi- 
mately linear, an unbiassed estimator of the product of expectations, E ($a) E(dvst)) 
is obtained as follows. A value of Z«« is obtained at random. Leaving the Distance 
Variables at this setting, a value of Seats) is obtained. This procedure is repeated » 
times, Where 7,,,(,) is the mean value of Swata) and zay4(4) is the mean value of 
deu, it can be shown that the required estimated is given by the expression 
LMsya(s) Miyaga) — Ovar (Scacs)@eaca))/n]. It follows that an unbiassed estimator 
of D in Equation [15] is, 

D = Maya (a) toad) — 6208? (Seataydeaca) )/m {16] 

~S0a(4)datMayq(gy/Set 

Mathematically, the unit of measurement of D is the square of the unit of spatial 
extent. Thus ifseacs) etc., are in inches, D is in square inches. 

A corresponding modification of equation [9a] is required in any experimental 
application of the second suggested technique. 


EXPERIMENT 


The technique described in the preceding discussion may be illustrated 
by the following experiment. An attempt was made to establish whether 
the size-distance-invariance hypothesis holds in monocular visual space, by 
testing Equation [14]. The Standard Object and the Size Variable were 
both familiar objects viewed under reduced conditions and the Size Vari- 
able was an unfamiliar object viewed in a well structured field. 


Apparatus. The experimental arrangement was that schematically illustrated in Fig. 
1. Throughout the experiment, the Standard was placed to the left, the Distance 
Variable was placed centrally and the Size Variable, to the right. The Standard and 
Size Variables were separated by an angle of 25°. The Distance Variable lay on the 
bisector of this angle. The Size Variable was placed on a laboratory table. When 
looking at this object, O had an uninterrupted view of this table, the laboratory, and E. 

The Standard and the Distance Variable were each placed in a reduction-tunnel. 
By a suitable combination of concealed lighting and screens it was possible to arrange 
that nothing else was visible in either tunnel. The tunnels were connected to a common 
darkened viewing chamber and could, without head movement, see both objects 
through a single aperature. All the O's reported that the two objects seemed to lie in 
à single, completely darkened, chamber. 

In comparing the Size Variable with the objects in the tunnels, it was necessary for 
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O to move his head about 6 in. to the right. To ensure that the distances of the 
various objects did not alter during the course of the experiment, a pivoted headrest 
was placed against the back of the O's head. He was instructed to keep his head 
against this rest when moving. 

The Standard object was the face of a matchbox cover, ‘The longer side was 2.1 in. 
(Sva = 2.1 in.). It was so placed that this side was vertical and its center lay in O's 
visual horizontal plane. The distance of the variable could be changed continuously 
between 50 and 210 in. The Distance Variable Was a playing card. Its longest side 
was 3.5 in. (Sas = 3.5 in.). It was so positioned that the longest side was vertical and 
its center lay in O's visual horizontal plane’ 

The Size-Variable was a flat black strip, 1 in. in width, mounted on the back of a 
small, white, vertical screen. The size of the visible portion of the strip could be 
increased by raising it from behind the screen. The length of this visible portion could 
be adjusted continuously between 0 and 12 in. To increase the visibility of the Size- 
Variable, a second white screen was mounted behind it. The front screen was so 
adjusted that the lower limit of the visible portion of the strip lay in O's visual 
horizontal plane. The distance of the Size-Variable from O was 60 in. (deau) = 
60 in.). 

Observers. The Os were 11 undergraduate students, 7 women and 4 men. The 
age-range was 17-40 yr. and the modal age was 18. All were naive as to the aim of 
the experiment. 

Procedure. Monocular viewing conditions were used throughout the experiment. 
For each O, the experiment consisted of 10 trials. For each trial the procedure was as 
follows: 

(a) Determination of Svat). A two-category method of limits was employed. The 
Size-Variable was set markedly larger (or smaller) than the Standard (matchbox 
Cover). O was asked to judge “which of the two would be the larger if they were 
placed face to face." The Size-Variable was then changed appropriately in steps of 
0.2 in, until a change in judgment occurred. This was repeated once each for an ascend- 
ing and a descending series. The value of Svata) for the trial was taken as the mean of 
the limits for these two series. 

(b) Determination of daa). A two-category method of limits was employed. At 
each judgment, O was asked to state whether the Distance-Variable (card) of the 
Standard (matchbox cover), was the more distant. Adjustments were made in 1 in. 
steps. One ascending and one descending series was given and the value of desça) fot 
the trial was taken as the mean of the limits for the two series. 

(c) Determination of Svat). The Distance-Variable was set at the distance dra 
determined in Part (b) of the trial. The procedure was then identical to that of Part 
(a) except that O was asked to compare the sizes of the Size- and Distance-Variables. 
One ascending and one descending series was given and the value of Seas) for the 
trial was taken as the mean of the limits for the two series. 

Over the 10 repetitions of this procedure, the order of Parts (b) and (c) was, 


of necessity, always the same. Part (a), however, was randomly placed either first, 
second, or third in the procedure, 


esult, For e and covar 
5 ach O, values of Mavacsy? Pss ayaa) 


Sya(s)4vacay) WETE calculated. In each case a value of D was calculated 


oe 
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from Equation [16]. The mean and standard deviation of each of these 
vatiables is shown in Table I. 

If the size-distance-invariance hypothesis held for any O, the expected 
value of D would be, for him, zero, Equation [15]. If the hypothesis held 
for all Os, the expected value of D, replicating over Os would also be 
zero; for 10 out of the 11 Os tested, D was less than zero. On a two tailed 
binomial test, this proportion differs significantly from 0.50 at the 0.05 level 
of significance (p — 0.012). This result implies that for at least some Os, 
Equation [15] does not hold. It follows that for these Os, Equation [2], 
the linear form of the size-distance-invariance hypothesis, does not hold over 
the four combinations of physical size and distance employed in this experi- 
ment. 

. While this result further eliminates the possibility that 50’/d,’ is a power 


TABLE I 
SUMMARY OF EXPERIMENTAL RESULTS 
Mavats) Miva(s) Mdyald) COVAF (era(s)dva(d)) D 
mean 1.91 in. 2.97 in. 125.5 in. —0.29 —52.92 sq. in. 
SD 0.42 in. 0.59 in. 13.0 in. 0.73 43.37 sq. in. 


function of s,/d,, (see footnote 12) it does not in general eliminate the 
possibility that the weak form of the hypothesis expressed in Equation [1] 
does hold. 


SUMMARY 


It has often been suggested that visual space is so structured, that the 
ratio of perceived size to perceived distance is proportional to the corre- 
sponding ratio of physical size to distance. À common method of testing this 
hypothesis employs size and distance matching techniques. The validity of 
this procedure as an exact test of the hypothesis, is dependant upon cer- 
tain assumptions which are not empirically justified. A modification of the 
usual technique is suggested which enables the hypothesis to be tested 
without making these assumptions. An experiment employing this pro- 
cedure, under monocular viewing conditions, failed to confirm the hy- 
pothesis. 


COMPARISONS OF PREDICTIONS OF SINGLE RANDOM 
EVENTS WITH JUDGMENTS OF POPULATION BIAS 


By FRANCIS W. IRWIN, ALLEN HARRIS, and JUpirH R. HARRIS, 
University of Pennsylvania 


Ss who are required to judge the direction of bias of binary popula: 
tions by samples from these populations tend to use smaller samples 
when the bias is favorable to them than when it is unfavorable. Experi- - 
ment I attemped to determine whether a similar result would be obtained 
when S’s task was to predict a single event in such a series rather than of-a 
population parameter, 


EXPERIMENT I 4 


S's task was to observe and record cards exposed one at a time from a 
pack containing marked and blank cards, to stop the presentations at any 
point chosen by him, and then to predict whether the next card in the 
pack (the "critical" card) would be marked or blank. In each pack the 
occurrence of one of the two kinds of cards as the critical card was made 
preferable to $ by its differential money value— "independent outcome- 
value" (IO). The hypothesis was that $ would employ smaller samples 
when their bias was in the preferable direction than when it was in the less 
preferable direction. $ also won or lost money— "dependent outcome- 
value” (DO)—according to whether or not his prediction was correct 
and he was charged a small amount for each card that he observed. 


Subjects. The Ss were undergraduates at the University of Pennsylvania, 30 men 
and 30 women, They were paid a minimum of $1.00 for their services. A 
Materials. Packs of 50 cards of standard playing-card size were used. Their 
faces were either blank or printed with a large bold-face X. Of the 12 experi - 
mental packs, 2 contained 70% marked cards, 4 had 60%, 4 had 40%, and 20 
had 3096. Each pack was used twice, once with positive and once with negative — 
10. An additional pack with 50% was used for practice. : 
Procedure. The Ss were seen individually. The procedure, materials, and pay-offs 


* Received for publication March 21, 1966. This investigation was supported by 
research grant MH-06580 to the University of pene anil from the National. 
Institute of Mental Health, U.S. Public Health Service. We are indebted to Bennett 
G. Galef, Jr., and Cynthia Norris for assistance in collection and treatment of data, 
and to M. Frank Norman for useful advice. i ired 

1H. C. Morlock, Jr, The effect of outcome desirability on information required — 
for decisions, Doctoral dissertation, University of Pennsylvania, 1964. 
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were described fully and a practice trial was run. Each of the 24 experimental 
trials proceeded as follows: A pack of cards was displayed and $ was told the 
value of the critical card in that pack (IO), which was always zero for a blank 
card and was +10, —10, 4-25, and —25 cents for a marked card in equal numbers 
of packs. E turned up cards from the pack at a rate of about one in 2 sec. $ re- 
corded the cards on a slip of paper as they were shown, stopped the series when 
he wished, and predicted the next card. This card was then turned up and $'s pay- 
offs for its value (IO), a win or loss of 15¢ for correct or incorrect prediction 
(DO), and a cost of Y%¢ per card shown, were recorded and made known to $. 
$ was informed that the packs had been shuffled, that he could not predict per- 
fectly, but that he could do better than chance if he observed the cards carefully. 
In addition, E shuffled the packs in the sight of S while reading the instructions. 
Six Ss were assigned at random to each of 10 schedules of order of presentation of 
the packs. These orders were random under the restrictions that neither the same 
10 nor the same card frequency should occur more than twice in succession, 


Results and discussion. The mean number of cards drawn when the 
samples were biased in the direction favorable to $ was 7.9, SD = 5.4, 
and the mean for unfavorably biased samples was 8.2, SD = 61. The 
mean difference of 0.3 was in the predicted direction but was approxi- 
mately equal to its standard error and therefore did not approach statisti- 
cal significance, This failure to confirm an hypothesis similar to one for 
which Morlock had obtained positive results was associated with other 
differences in the Ss’ behavior in the two experiments. One of these was 
especially pronounced ; namely, that whereas Morlock's Ss judged the pack 
bias to be favorable in about half (51.0%) of the trials, our Ss pre- 
dicted favorable outcomes more than five times as often as unfavorable 
outcomes (84.4 vs 15.606). 

'The hypothesis that fewer cards would be drawn from packs with a 
favorable bias than from those with an unfavorable bias supposed that 
the Ss would base their predictions upon the relative frequencies of 
marked and blank cards in the samples, but would arrive at favorable 
Predictions upon less evidence than unfavorable ones because of the 
well-established effect of IO upon predictions of uncertain outcomes.? 
The unexpected prevalence of favorable predictions led us to question this 
supposition, and it was easily shown to be false. Our Ss did not in gen- 
eral base their predictions upon the relative frequencies in the samples: 


*R. W. Marks, The effect of probability, desirability, and "privilege" on the 
Stated expectations of children, J Person, 19, 1951, 332-351; D. G. Pruitt and 
D. Hoge, Strength of the relationship between the value of an event and its 
Subjective probability as a function of method of measurement, J. exp. Psychol., 
69, 1965, 483-489; F. W. Irwin and J. G. Snodgrass, Effects of independent and 
lependent outcome values upon bets, jbid., 71, 1966, 282-285; and others cited in 
ese papers, 
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of their 1440 predictions, only 43.1% agreed with the direction of the 

sample biases, whereas 40.1% disagreed with the samples, 12.4% were 
based upon evenly-divided samples, and 4.4% were made without ob- 

serving any cards at all. This contrasted sharply with Morlock's results, 
in which the corresponding percentages were 97.7, 1.2, 0.9, and 0.3. It 

must also be noted that 96.3% of the judgments of the populational bias 

of Morlock’s Ss’ were correct, while only 51.7% of the predictions of sin- 

gle events of our Ss’ were correct. This difference was largely due to the 

fact that the bias of a sample is a better predictor of the populational 

bias than of a single event; and, in addition, Morlock's Ss were aided 

by the fact that his cards were randomized in blocks of 10, whereas our 

packs were shuffled as wholes. Nevertheless, if our Ss had always pre- 
dicted in accordance with the sample, their percentage correct (by actual — 
count) would have risen to 59.7, and they would have won a mean 

amount per $ of 584 instead of their actual mean of 10.5¢. 

A major difference between the two experimental situations was in the 
tasks that confronted the Ss. Morlock's Ss were required to use informa- 
tion from a sample in order to judge a parameter of a population; namely, ` 
its direction of bias, whereas ours had to use such information to pre- 
dict a single random event. Since our Ss did not in general rely upon the 
sample bias, it seemed possible that they tried to solve their problem by 
using sequential properties of the cards in the samples, in spite of the in- 
structions and the card-shuffling. Evidence that this was the case is given 
by Curve A of Fig. 1, which shows the percentage of predictions that the 
critical card would be the same as the last card of the sample plotted against 
the length of the terminal run of the sample, i.e, the run immediately after 
which S$ stopped and predicted the critical card. (The 64 predictions made 
without looking at any cards are omitted from Fig, 1.) It can be seen that 
for terminal tun-lengths of 1 and of 6 or more the Ss tended to predict that 
the run would continue (a “positive recency-effect”), while intermediate 
tun-lengths of 3, 4, and 5 show a negative recency-effect. The observed 
relative frequencies differed significantly from 0.5 with p < 0.05 for all 
run-lengths except 2 (run-lengths greater than 5 being grouped together). 
It may be concluded that our Ss based their predictions at least in part upon 
sequential information. As to Morlock’s experiment, although direct evi- 
dence is not available, his Ss’ judgments agreed with the sample biases $0 
well that little room existed for effects of sequences. 

The possibility that the effects shown in Curve A of Fig. 1 might 
differ according to whether the terminal run was made up of the favor- 
able or the unfavorable type of card was investigated by decomposing 
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this curve into Curve B, in which the former was true, and Curve C, in 
which the latter was true. Effects of run-length are weaker in Curve C, 
as indicated by its relative flatness, but both curves show a descent fol- 
lowed at long run-lengths by an ascent. The fact that Curve B lies above 
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PERCENT PREDICTIONS IN DIRECTION OF TERMINAL RUN 
E] 
[-] 


9g 2 3 4 5 5 
LENGTH OF TERMINAL RUN 

NIA) 739 319 16! 74 46 37 (1376) 

N(B) 423 156 46 24 19 26 ( 694) 

Nic) 316 163 Dm 50 27 1t ( 682) 


Fic. 1. PERCENTAGE OF PREDICTIONS OF THE CRITICAL 
CARD IN THE DIRECTION OF THE TERMINAL RUN 
(EXPERIMENT I) 

A, all terminal runs; B, favorable terminal runs; C, un- 
favorable terminal runs 


Curve C reflects the strong tendency to predict favorable rather than un- 
favorable outcomes. 

A Studies of recency-effects as a function of run-length in binary-predic- 
tion experiments have produced quite diverse results, which throw little 
light upon our situatiori.? The relation shown in Fig. 1 seems to be unique, 


"M. E. Jarvik, Probability learning and a negative recency effect in the serial 
Anticipation of alternative symbols, J. exp. Psychol, 4l, 1951, 291-297; de 
eldman, On the negative recency hypothesis in the prediction of a series of binary 
Symbols, this JOURNAL, 72, 1959, 597-599; D. C. Nicks, Prediction of sequential 
!Wo-choice decisions from event runs, J. exp. Psychol. 57, 1959, 105-114; N. Hi 
Anderson and R. E. Whalen, Likelihood judgements and sequential effects in a 

O-choice probability learning situation, jbid, 60, 1960, 111-120, Ward Edwards, 
Mobability learning in 1000 trials, ibid, 62, 1961, 381-390; Harold Lindman and 
1 Ard Edwards, Supplementary report: Unlearning the gambler's fallacy, ibid., 62, 
961, 630; W. M. Lepley, "Ihe maturity of the chances"; A gambler's fallacy, 
* Psychol., 56, 1963, 69-72. 


580 IRWIN, HARRIS, AND HARRIS 


although both it and the procedure from which it was deri 
most similar to Lepley's. That its general form is reprodu 
demonstrated by Experiments II and III. In comparisons wil 
periments, however, it must be remembered that our Ss mad 
overt prediction in each series, that they saw much smaller 
have usually been presented, and that we were concerned onl 
terminal run. 

EXPERIMENT II 


The fact that Morlock's Ss tended to use the bias of the s 
judging the bias of the population whereas our $s used sequenti: i 
ties of the series rather than the sample bias for predicting a s 
in the series suggests that the two tasks be compared directly wi 
same experimental situation. The present experiment allotted thi s€ 
to the members of pairs of Ss who were matched with respi ct t 
of sample from each pack and card sequences within the samples 
offs were restricted to those for correctness and incorrectness; 


values nor cost of cards were imposed. Sample sizes were dete 
advance by E, : 


Subjects. Thirty women, undergraduate students at the University 
vania, were used in this study. They received a minimum of $1.00 for their 

Procedure. The procedure and instructions were the same as those of Ex| 
I, with the following exceptions. (1) Each S was shown 12 sequences 
instead of 24, two each of lengths 5, 7, 9, 11, 13, and 15 cards. (2) Idei 
quences were shown to both members of each pair of Ss, and the cards wel 
fled thoroughly between pairs, (3) No written record of the sequences 
by S. (4) One member of each pair was told that she was to predict th 
single card following the presentation of the sample (Group S). The: t 
ber of the pair was told that no pack was evenly divided between marl 
blank cards and that, after the sample was presented, she was to judge 
the whole pack contained more marked or more blank cards (Group P. 
ate feedback as to correctness was given after each decision in both gro 
pay-offs of 3-154 as in Experiment I. i 


Results and discussion. As expected, judgments of the direction ol 
of the pack (Group P) agreed with the direction of bias of the si 
more frequently than did predictions of single cards (Group * 
mean numbers of such judgments out of a possible 12 were 1 
7.8 in the two groups, respectively, This difference of 2.2 was 
(t = 3.6, df = 14, p < 0.01). 

Fig. 2 indicates that the Ss of Group S, like those of P 
tended to show a positive recency-effect for long terminal rui 
negative recency-effect for runs of medium length (3 or 
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contrast, the Ss of Group P showed a positive recency-effect for all run- 
lengths greater than one, and this effect increased with the length of the 
run as would be expected if they were judging the bias of the pack from 
that of the sample. 

Thus, the two tasks led to quite different strategies. To predict single 
events, the Ss mistakenly attempted to find predictive properties within 
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PERCENT PREDICTIONS IN DIRECTION OF TERMINAL RUN 


1 2 3 4 5 
LENGTH OF TERMINAL RUN 


N: 84 39 25 u 10 11 (180) 


FIG. 2. PERCENTAGE OF PREDICTIONS IN THE DIRECTION OF 
THE TERMINAL RUN AS A FUNCTION OF LENGTH OF 
TERMINAL RUN BY GRoUP P (JUDGMENTS OF 
POPULATION-BIAS) AND $ (PREDICTIONS OF 
SINGLE EVENTS) 

(EXPERIMENTS II AND III) 


the series, whereas to judge the population-bias they tended to make ap- 
Propriate use of the sample-bias. That the former strategy was mistaken 
is shown, aside from*a priori considerations, by the fact that only 53.3% 
of the predictions of Group S were correct, whereas 62.806 (by count) 
would have been correct had the predictions all conformed to the sample- 
bias. In the case of Group P, 70.0% of the predictions were correct, 
as compared with the 81.1% (by count) that would have been correct 
had the Ss always judged from the sample-bias. 

These findings are related to those of Galanter and Smith, who inter- 
Spersed special trials, among the regular trials of an experiment in binary- 
Prediction, in which S's predictions held for the next five trials instead 
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seta task that resembled that of our UE Group P, and that the Ss wh 
been using sequential properties of the series tended to shift to 
of the bias of the sample, thereby achieving a more nearly optimal solu 


EXPERIMENT III 


were quite similar to those of Experiment I, 65.0% of the predictic 
Group S agreed with the sample-bias as compared with only 51 A 
Experiment I. Experiment III investigated the possibility that this « 
ence was due to the fact that the Ss kept written records of the sequel 
in Experiment I but not in Experiment II. With this excep on, i 
provided a replication of Experiment II. E 
Subjects. The Ss were 30 women, undergraduates at the University of. 


vania who were paid a minimum of $1.00 for their services. 
Procedure, 'The procedure was in all respects identical with that of. Ex 


for Group S. The difference of 4.3 was slupificaat (+ = 65, df = 
p < 0.01). As reported above, the means for Groups P and S 
periment II were 10,0 and 7.8, Thus, keeping a record of the seri 
no apparent effect upon the degree to which the sample-bias was | 
judging the population-bias, but it evidently weakened the tenden 
use this information for predicting single events; the difference | 
5:8 and 7.8 was significant,  — 2.9, df = 14, p < 0.01. The perceni 
of correct judgments were 43.3 for Group S and 73.9 for Group P; # 
would have been 62,8 and 81.1 (as in Experiment II) had the ju 
ments always conformed to the sample bias. 

As shown in Fig. 2, Group P showed positive recency-effects 
creased with terminal run-length, whereas Group S show B 
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negative recency-effects that were most pronounced for run-lengths of 3 
and 4. The agreement of the curves with those in Experiment II was 
dose; the largest discrepancies occurred at long run-lengths for which 
N was small, and none of the differences between corresponding points in 
the two experiments approached significance. In view of this, the differ- 
ence between Experiments II and III in the use of sample bias for 
predicting single events cannot be ascribed to differential recency-effects 
in the terminal run of the series. b 

Taken together, the results of the three experiments indicate that it 
may be fruitful to compare tasks that require predictions of single pro- 
babilistic events with tasks for which population parameters or long- 
run central tendencies are relevant, Both kinds of problems occur in the 
natural life of organisms; for the human being, it is not difficult to think 
of examples ranging from predictions of long and short-range events 
in the weather or the stock market to predictions of individual acts and 
average or trait-like properties of individuals and groups. Clearly, there 
are instances in which local sequential dependencies, if they can be found, 
are highly useful for decisions, while for other purposes such dependen- 
cies are nearly or altogether useless. 


SUMMARY 


After observing samples from shuffled binary packs, Ss predicted the 
next card to be drawn or judged the direction of the bias of the packs. 
Predictions of single events were affected by the length and direction of 
the terminal runs of the samples (positive and negative recency-effects) 
and were not responsive to the direction of bias of the samples. Judg- 
ments of pack-bias tended to agree with the sample-bias and showed posi- 
tive recency-effects that increased with the length of the terminal runs of 
the samples. 


AFFECTIVITY IN THE AROUSAL OF ATTITUDES AS 
MEASURED BY GALVANIC SKIN RESPONSE 


By HoLLmA W. Dickson and ELLIOTT McGINNIES, 
University of Maryland 
ae 

Galvanic skin response (GSR) refers to the brief decrease in electrical 
resistance of the skin following stimulation. Although the exact physio- 
logical basis for this response is not known, it is generally thought to be 
related to the activity of the sweat glands. The usefulness of the GSR as- 
an indicator of emotional response has been examined in many studies 
over the past 50 yr. It seems clear that GSR is evoked by, among other 
things, stimuli judged to have affective significance. 


McCurdy, after reviewing a number of experiments, stated that GSR has a de- 
monstrable relationship to the intensity of reported experience, whether ‘emotional,’ 
‘affective,’ ‘conative,’ or otherwise? Woodworth and Schlosberg concluded that the 
GSR is a good measure of emotion, if by emotion is meant a highly activated, tense, 
or energized condition and not a specific mental or behavioral state." 

That elevated GSRs occur in response to ‘emotionally toned’ words or expressions 
has been demonstrated repeatedly. McGinnies, for example, obtained higher GSR 
from $s following tachistoscopic presentation of taboo words than following neutral 
words? More recently, Cohen, Bondurant, and Silverman not only found that skin 
resistance showed a greater reduction following "charged" than "bland" expressions, 
but also discovered that this reaction was closely related to the personal meaning 
the stimulus had for each $4 : 

In addition, a few studies relating the GSR to attitudes have been performed: 
Rankin and Campbell reported that when simulated adjustments were made to the 
GSR apparatus attached to the S's hand, higher GSRs were elicited from white $8 - 
in response to a Negro E than to a white E Cooper and his associates on the basis 
of three studies concluded that complimentary statements concerning groups to 
which Ss held negative attiudes elicited higher GSRs than did the same statements 

xD MESES 


.* Received for publication October 4, 1965. Based upon a master's dissertation sub: - 
mitted E the first author to the University of Maryland. 3 
aoe - McCurdy, Consciousness and the galvanometer, Psychol. Rev, 57, 1950, 


^R. S. Woodworth and Harold Schlosberg, Experimental Psychology, 2nd ed. 
1954, 158-159. 


SHEER Misinnice Emotionality and perceptual defense, Psychol. Rev., 56, 1949, 
7251. 


"S. I. Cohen, Stuart Bondurant, and A. J. Silverman, Psychophysiological in: 
fluences on peripheral venous tone, Psychosom, Med., 22, 1960, 106-107. d white 

^R. E. Rankin and D. T. Campbell, Galvanic skin response to Negro and wana 
experimenters, J. abnorm. soc. Psychol., 51, 1955, 30-33. * 
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about neutral groups. McGinnies and Aiba presented Japanese students with two 
opposed persuasive communications on a political issue. Their Ss responded with 
higher GSRs when listening to a communication with which they disagreed than 
when listening to one with which they agreed." 

Although the studies cited indicate that heightened GSRs accompany certain atti- 
tudes, clear-cut evidence is lacking concerning the relationship between positive, or 
favorable, attitudes and emotionality. Cooper and Singer's investigation of this did 
not yield conclusive results." 


The present experiment examined, the relationship between positive, 
negative, and neutral attitudes and autonomic arousal. It was assumed 
that measurable autonomic reactions would occur when Ss having either 
extremes of attitude toward the church listened to statements expressing 
conflicting opinions. Specifically, we predicted that higher GSRs would be 
elicited from Ss favorable toward the church by derogatory statements and 
from Ss antagonistic toward the church by laudatory statements. The same 
Ss were expected to react less strongly to statements supportive of their 
attitudes. Neutral Ss were not expected to respond significantly to either 
lype of statement. 


Method: Subjects. A 23-item Likert-type scale based on Thurstone and Chave's 
Statements measuring attitudes toward the church was used in selecting the Ss.’ 
Five response-alternatives ranging from "strongly agree” to "strongly disagree" were 
provided for each statement on the scale. The items were so scored that they ranged 
from 23 (most favorable toward the church) to 115 (most unfavorable toward the 
church). 

The scale was administered to 486 students in introductory psychology who 
yielded a distribution ranging from 27 to 106. From these students, 60 $s were 
chosen, 20 from each of three positions on the attitude-continuum. These three 
Broups were defined as pro-church (mean attitiude score 36.1), neutral-church 
(mean attitude score 68.3), and anti-church (mean attitude score 94.0). 

Apparatus and materials. The apparatus employed was a Lafayette Model 601 A 
Psychogalvanometer, utilizing the circuit of a modified Wheatstone bridge. Twelve 
Statements adapted from Thurstone and Chave's list of opinions about the church 
were used as stimuli? Four of these statements were laudatory of the church (pro- 
church statements), four were critical of the chutch (anti-church statements), and 
four were neutral towards the church. Two additional statements, one pro-church 

"I. B. . Singer, The role of emotion in prejudice, J. soc. Psychol., 
44, EET d B. coon H. E. Siegel, The galvanic d 


in response as 
à measure of emotion in prejudice, J. Psychol, 42, 1956, 149-155; J. B. Cooper 
and David Pollock, The identification of prejudicial attitudes by the galvanic skin 
Fesponse, J. soc. Psychol., 50, 1959, 241-245. | A 

j Elliot McGinnies and Hitoshi Aiba, Persuasion and emotional response; A cross 
cultural study, Psychol, Rep., 16, 1965, 503-510. SN 

* J. B. AS Piers oer The role of emotion in prejudice, J. soc. Psychol, 
44, 1956, 241-247. i A 

M" L. Thurstone and E. J. Chave, The Measurement of Attitude, 1929, 22-66. 

Thurstone and Chave, of. cit., 1929, 22-66. 
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and one anti-church, were selected for use in adjusting the apparatus and allowing 
S's GSR to stabilize. 

The 12 statements were listed in two different, counterbalanced orders with the 
two "warm-up" statements presented first in both lists. The two lists of statements 
wete tape-recorded, with 30-sec. intervals separating adjacent items. Ten Ss in each 
of the three groups were presented with one order of statements, and the remain- 
ing 10 were exposed to the second order. 

Procedure. The Ss were tested individually by the first E. Upon entering the ex- 
perimental room, $ was seated and the basic principles of the apparatus were ex- 
plained. . 

Electrodes were then fastened to the palm of the S's right hand, and his right 
arm was strapped to the arm of the desk in order to minimize movement, $ was 
also told that his name had been drawn at random from Psychology 1 students who 
early in the semester had completed a questionary concerning the church. He was 
then informed that the purpose of the experiment was to investigate galvanic skin 
responses to different statements concerning the church. 

The following instructions were then given: 

A number of statements concerning the church will be read to you from the tape 
recorder. As you hear each statement, try to think, as best you can, how you 
about the statement. You might try to imagine how you would respond if you were 
with a group of friends and someone made this statement to you. Do not, however, 
say anything during the experiment; just concentrate on the statements and how 
you feel about them. 

Before we begin the actual experimental statements, I am going to ask you some 
questions I wish you to answer in order to adjust the equipment. 

S was then blindfolded and told to sit as still as possible during the experiment, 
as any physical movement might interfere with the results. 

E then asked S three questions concerning his name, age, and major subject 
Which were answered aloud. Neither the answers nor the galvanic skin responses 
Were recorded, since this procedure was followed merely to enable E to balance 
S into the circuit. During the experimental trials, the largest needle deflection 
on the psychogalvanometer in a 30-sec. period following the end of each 
statement was recorded. If it did not make a complete recovery following a deflec- 
tion, the needle was reset at zero. 


Results. Amplitude of GSR by the Ss to cach of the experimental stale- 
ments was recorded in microamperes, and the mean response for each 
category of statements was determined for each $ who was, therefore, 
represented by three scores: mean GSR to anti-church statements; mean 
GSR to neutral statements, and mean GSR to pro-church statements. 

The data were treated according to a Lindquist Type I Analysis of 
Variance, in which each of several A treatments in combination with any 
one B treatment is administered to the same Ss, with each B treatment 
administered to a different group of Ss. In this case, the A factor yas the 
attitude of the related statements and the B factor was the attitudinal 
score of the Ss. 

The appropriate analysis of variance was computed, The B-effect (be 
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tween the groups attitude toward the church) was found to be non-signifi- 
cant (F = 0.7543 with 2 and 57 df). That is, considered independently 
of the categories of stimuli, there were no differences in GSRs between 
the three groups of Ss. 

The A-effect (between statements representing different attitudes toward 
the church) attained statistical significance at less than the 0.05 level 
(F = 3.1823 with 2 and 114 df). Independent of the attitude scores of 
the Ss, the statements elicited different levels of GSR. The mean GSR to 
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cach category of statements was then averaged over all Ss. The smallest 
mean GSR occurred in response to the neutral statements (31.9), a larger 
mean GSR to the anti-church statements (36.0), and the largest mean 
GSR to the pro-church statements (40.2). This effect can also be observed 
in Fig. 1, The pro-church and neutral Ss showed the highest mean GSRs 
to the anti-church statements, while the anti-church Ss responded most 
Strongly to the pro-church statements. The fact that the pro-church state- 
ments elicited the highest over-all level of GSR can be attributed to re- 
Actions by the anti-church Ss. 

e dependence of GSR upon initial attitude of the Ss toward the 
church was evaluated by examining the interaction of group x treatment. 
This interaction-effect was significant at less than the 0.001 level (F= 
63922 with 4 and 114 df) and is shown in Fig. 1. The pro-church Ss 


588 DICKSON AND MCGINNIES 


tesponded most strongly to the anti-church statements and sho 
mean GSRs to the pro-church and neutral items. The pattern of the 
Ss was similar, with the highest mean GSR occurring in resp 
church statements and almost identical mean GSRs to pro«d 
neutral statements. The anti-church Ss showed an opposite p 
sponding most actively to the pro-church statements and less to 
statements and the anti-church statements, 

To summarize, statements critical of the church elicited a 
of GSR from pro-church Ss, while statements praising the chur 
higher GSRs from the anti-church Ss. Neutral statements about 
were associated with about the same level of autonomic rea 
the two extreme attitude-groups as statements that supported 
dispositions. The major hypotheses of the experiment were thus 
tiated, 


Discussion. The data show that both the pro- and anti-church Ss 
elevated GSRs only when listening to statements with which they pi 
agreed, Why did they not also respond to statements about the church 
consistent with their attitudes on this subject? 

The verbal stimuli may be viewed as conditioned reinforcers. Con 
one's attitude constitutes positive reinforcement, whereas derogation of 
of view is negatively reinforcing. Evidence for this has been recently 
Golightly and Byrne, who found that subjects improved their perform: 
crimination learning task when attitude-statements similar to their 

' used as positive reinforcement.’ In addition, negative reinforcement, 
ment, has been shown to be accompanied by autonomic response. For € 
only does shock elicit heightened GSR, but previously neutral stimuli 
shock will also elicit an autonomic reaction.” E 

Similar data on autonomic responses to positive reinforcement are not 
Since verbal materials have been shown to have reinforcing qualities, 
however, that different verbal stimuli should have the capacity to elicit 
responses appropriate to the reinforcement history of the individual" In 
ent experiment, statements that challenged the Ss’ attitudes elicited 
havior in a manner consistent with what we know about autonomic 
negative reinforcement in general. Statements about the church that 
existing attitude failed to elicit a corresponding autonomic response, It 
general principle, that less affect is elicited by positively reinforcing than 
tively reinforcing verbal material. 


™ Carol Golightly and Donn Byrne, Attitude statements as positive a 
reinforcements, Science, 146, 1964, 789-799. ! 

A. W. Staats, C. K. Staats, and H. L. Crawford, First order c 
meaning and the cud conditioning of a GSR, Tech. Rep. No. 6, 
Nonr-2305 (00) een Office of Naval Research and Arizona St 
1958. ÀÉ 

™ Leonard Krasner, Studies of the conditioning of verbal behavior, 
55, 1958, 148-171; J. H. Williams, Conditioning of verbalization: A 
Bull., 1964, 62, 383-393, 
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Consistent with this interpretation are the data for the neutral $s, It can be as- 
sumed that the attitudes of these Ss were not reinforced by either type of statement. 
In fact, the neutral Ss showed less differential response to the different categories 
of stimuli than did either the pro- or anti-church Ss. 

The patterns of GSR in the two extreme experimental groups also suggest that 
contradiction of what is essentially a negative, or hostile, attitude may arouse more 
affect than contradiction of a positive, or favorable attitude. That is, the anti-church 
Ss reacted more strongly to pro-church statements than the pro-church $s did to 
statements criticizing the church. This is consistent with the findings of Cooper and 
Singer.“ By analogy, one might contrast the behavior of a militant segregationist 
when confronted with an argument for desegregation with that of an integrationist 
when listening to an argument for segregation, Both may be emotionally aroused, 
but the segregationist is apt to react more dramatically when challenged. Perhaps 
negative attitudes enjoy stronger affective support than positive attitudes due to 
essential differences in the acquisitional process, 


SuMMARY 


This experiment investigated the assumption that attitudes are emotion- 
ally supported. On the basis of scores on an attitude scale, 20 pro-church, 
20 anti-church, and 20 neutral Ss were chosen. They were presented with 
12 tape-recorded statements, 4 favorable, 4 neutral, and 4 critical with 
Fespect to the church, and their GSRs to each statement were recorded. 
It was found that both the pro- and anti-church Ss demonstrated propor- 
tionately higher GSRs to those statements which contradicated their mea- 
sured attitudes, The results support the hypothesis that both extremes on 
an attitudinal continum have an affective component, and that autonomic 
response is elicited more strongly when the attitude is challenged than 
when it is reinforced. 


^ J. B. Cooper and D. N. Singer, The role of emotion in prejudice, J. soc. Psychol., 
1956, 44, 241-247. 


A COMPARISON OF HAPTIC AND VISUAL JUDGMENTS 
OF SOME ILLUSIONS 


By Ray Over, University of Otago 


Rudel and Teuber have shown that haptic (tactile-kinesthetic) illusion 
of the same magnitude and direction as a visual illusion is obtained when 
blindfolded Ss are required to judge size by tracing the raised contours of 
the Muller-Lyer figure) They found that the illusion decreased over 
trials for both visual and haptic judgments and that the decrement effect 
. transferred from modality to modality, These data have important im- 
plications for theories of illusions, They pose problems for those theories 
which offer explanations in terms of processes specific to vision. The per- 
spective theory, for example, argues that the presence of surrounding 
contours modifies judgments of apparent size-relationships by changing 
apparent distance-relationships.? This type of analysis cannot, however, 
be applied to the data on haptic illusions provided by Rudel and Teuber 
It is possible that different kinds of processes underlie haptic and visual 
illusions. If, however, it is shown that visual and haptic judgments of 
illusory figures are affected by similar sets of: variables it is most prob- 
able that attempts to explain illusions in terms of processes which are 
modality-specific are invalid. : 

The aim of the present study is to provide further data on the rela- 
tionship between haptic and visual illusions. It is asked whether stimulus- 
features which are known to affect visual judgments similarly affect 
haptic judgments. Experiment I examines the effect of angle of 
the arrowheads on haptic and visual judgments of the Müller-Lyer 
figure. For visual judgments, the magnitude of the illusion has been found 
to be proportional to the cosine of angle. Experiment II compares haptic 
and visual judgments of the bisection (inverted T) and horizontal-ver- 


* Received for publication November 29, 1965. This work was supported by à 
grant from the University Grants Committee. 
..R. G. Rudel and H.-L. Teuber, Decrement of visual and haptic Müller-Lyer 
illusion on repeated trials: A study of crossmodal transfer, Quart. J. exp. P: syebol, 
15, 1963, 125-131. y 

^ Reinhard Tausch, Optische Tauschungen als artifizelle Effecte der Gestaltungs- 
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Psychol. Forschung., 24, 1954, 299-348; R. L. Gregory, Distortions of visual space 
as inappropriate constancy scaling, Nature, 199, 1963, 678-680. ” 
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tical illusory figures. For visual judgments, a significantly greater illusion 
has been fopnd for the bisection figure.* X 
b. o7 Bret 
An pit d EXPERIMENT I 

Apparatus. Figures were constructed by cementing lengths of chemically polished 
casein plastic of 0.15-in. diameter to 12-in. squares of hardboard, The same figures 
were used to obtain haptic and visual judgments. There were four test-stimuli 
(TSs), each of which consisted of a 3-in. length with arrowheads at either end. 
For two TSs, the arrows pointed inward (one at 30° and one at 60°) and for the 
other two, outward (one at 120° and one at 150°). Each of the two lengths 
which made pp an arrowhead was 1 in. There was a set of nine comparison- 
stimuli (CSs), each of which was a contour without arrowheads, The set ranged 
from 2.20 in. to 3.80 in. in 0.2-in. steps. 

Subjects. There were two groups, each of 36 Ss. The Ss in one group made 
haptic.judgments and in the other visual judgments. 

Procedure, § was initially presented with one of TSs and with CS of 3-in. and 
required to judge which was longer. The figures were placed side by side on a 
table. and were within comfortable reach of $. For half of the Ss in each group, TS 
was on the right, and for half on the left. The Ss making visual judgments were 
not required to fixate; those making haptic judgments were blindfolded. They were 
required to move the index finger of the right hand along the contours and were 
allowed to go from TS to CS as often as they wished. Whenever they touched 
TS, however, they were required to trace along the arrowheads as well as the 
contours to be judged. $ was instructed to judge which figure was longer; he was 
not allowed to use an 'equal' category. No information was given to $ as to the 
accuracy of judgments. 

The up-and-down method was used to obtain judgments If S judged TS to be 
longer than CS of 3-in. he was presented with successively longer CSs until he 
reported CS to be longer; if CS was initially judged to be longer, S was presented 
with successively shorter CSs until TS was judged to be longer. Fach $ made judg- 
ments with each of the four TSs; sequences were counterbalanced within each 


group. 

Results. The mean length of CS which was judged equal to each TS is 
shown in Table I for both haptic and visual conditions. Each mean is 
significantly different (p < 0.05) from 3 in.; that is, both haptic and 
visual illusions have been demonstrated for each TS. The effect of the 
orientation of the arrowheads (inward vs. outward pointing) on the di- 
rection of the illusion can be examined by subtracting, for each group, 
the mean equality-judgment found for a given ‘in’ figure from the mean 
equality-judgment found for the ‘out’ figure of corresponding angle. The 
mean difference of + 0.61 in. (SD — 0.18) is significantly different 


‘F. W. Finger and D. K. Spelt, The illustration of the horizontal-vertical illu- 


sion, J. exp. Psychol., 37, 1947, 243-250 4 ieee 
* W. J. Dixon and A. M. Mood, A method for obtaining and analysing sensiti- 
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from zero (f= 5.81, p < 0.02). Thus TSs with arrowheads pointing 
outward were judged to be longer than 3 in. and with arrowheads point- 
ing inward to be shorter than 3 in. The influence of the angle of the ar- 
rowheads on the magnitude of the illusion can be examined. The mean 
equality-judgment found for T$s with ‘small’ angles (30°, 120°) is 
+ 0,18 in. greater than that found for TSs with large angles (60°, 150°), 
the standard deviation being 0.51, This mean difference is significantly 
different from zero (t = 6.11, p < 0.01). The important comparison is of 
the magnitude of illusion for haptic and visual judgments of the same TS. 
There is a mean difference of +0.05 in. (SD = 0.04) between haptic and 


TABLE I 


MEAN LENGTHS JUDGED EQUAL TO THE ILLUSORY FIGURES (3 IN.) UNDER * 
Haptic AND VISUAL CONDITIONS 


Angle of Arrowheads Haptic Visual 

30 Mean 2.59 2.47 

SD 0.42 0.17 

60 Mean 2.75 2.73 

SD 0.79 0.24 

120 Mean 3.20 3.14 

SD 0.53 0.25 

150 Mean 3.32 3.31 

SD 0.29 0.17 


visual judgments of the same TS, This difference is not significantly differ- 
ent from zero (/ = 2.04, p > 0.05). 

The results show that the haptic illusion, as well as the visual illusion, 
found with the Müller-Lyer figure is influenced by the angle of the ar- 
rowheads. Haptic and visual illusions of equivalent direction and mag- 
nitude were found for each of the four T's. The data thus are in agree- 
ment with, and extend to a further variable, the finding by Rudel and 
Teuber that there is a basic similarity between haptic and visual judg- 
ments of the Miiller-Lyer figure, 


EXPERIMENT II 


This experiment examines the relationships between haptic and visual 
judgments of the bisection (inverted T) and the vertical-horizontal 
illusion figures. 


Apparatus, For each illusion, a set of 10 figures was constructed by cementing 
lengths of casein plastic to hardboard. For each figure, the vertical line was 3 in. 
in length; within the set, the horizontal line varied in lengths from 2.2 to 3.8 in. 
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in 0.2-in. steps. Figures were presented singly on a stand 18 in. in front of S, the 
horizontal contour being at eye-level. 

Subjects. There were four groups, each of 16 Ss. Every S made two sets of either 
haptic or visual judgments of one of the illusion-figures. 

Procedure. The up-an-down method was again used to obtain judgments. $ was 
initially presented with a figure in which both contours were 3 in. and was in- 
structed to judge which was longer. As in Experiment I, figures were presented in 
serial order until S reversed his judgment, The Ss making haptic judgments were 
blindfolded; those making visual judgments were not required to fixate. 


Results. Table II shows. for haptic and visual judgments of the two 
illusory figures, the mean length of the horizontal line that was judged 
to be equal to a vertical line of 3 in, Each mean is significantly greater 
than 3 in. (p « 0.01); that is, for both haptic and visual judgments 


TABLE II 


Mean HORIZONTAL LENGTHS JUDGED EQUAL TO VERTICAL LENGTH OF 3 IN. 
Horizontal-vertical 


Judgments Bisection-figure figure 
Haptic Mean 3.59 3.27 
e SD 0.58 0.50 
Visual Mean 3.67 3.33 
SD 0.31 0.32 


the horizontal line must be greater than 3 in. to be judged as the same 
size as the vertical line. There is greater overestimation of the vertical line 
with the bisection figure than the horizontal-vertical figure for both haptic 
(t= 2.37, p < 0.05) and visual (¢ = 4.30, p < 0.01) judgments. The 
difference between mean haptic and mean visual judgments is not signifi- 
cantly different for either the bisected figure (t = 0.68, p > 0.05) or the 
horizontal-vertical figure (t = 0.57, p > 0.05). The results thus show 
that haptic illusions of the same direction and magnitude as visual illu- 
sions are found for the bisected and horizontal-vertical figures. 


Discussion 


Haptic and visual illusions of equivalent direction and magnitude have 
been found for the illusion-figures studied. The present data, together 
with the results obtained by Rudel and Teuber, suggest that an adequate 
account of spatial illusions cannot be given in terms of processes which 
are specific to vision.? The status of some theories of illusions can be 
Considered in these terms.” 


° Rudel and Teuber, op. cit., 128-129. 
TH, A. Carr, An Introduction to Space Perception, 1935, 368-405. 
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The theory of retinal sensitivity argues that, because perceived size 
varies with the retinal position of the stimulus, differences in perceived 
size are due to the differential sensitivity of the retina. The horizontal- 
vertical illusion, for example, is accounted for in terms of a relative 
macropsia in vertical coding of the visual field. Data involving haptic 
inspection suggest that this is not an adequate explanation. Whereas the 
visual inspection of the illusory figure leads to stimulation being distrib- 
uted across the receptor surface at a given period of time, haptical inspec- 
tion of the figure involves differential stimulation of one part of the 
feceptor surface over a period of time, The two conditions produce illu- 
sions of the same magnitude. 

The theory of illusions based on eye-movement has been discredited by 
the observation that illusions are found with tachistoscopic exposure® and 
with stabilization of the retinal image.” The fact that tactile illusions are 
found, in which the figure in relief is pressed onto the skin, suggests that 
movement is not the determining component of haptical stimulation.!^ 

The perspective theory treats illusions as misapplied constancies. It 
argues that visual inferences are learned in dealing with an objective 
environment and that these habits of interpretation are wrongly applied to 
illusion-figures, The perspective theory particularly argues that two-dimen- 
sional illusory figures are perceived as representations of three-dimen- 
sional space; for example, the vertical line is seen as longer because it is 
seen as extending away from the horizontal. The claim is that the pres- 
ence of the inducing figure changes the apparent size of the length to be 
judged by modifying its apparent distance. This theory has to face the 
problem that haptic and visual illusions are equivalent in direction and 
magnitude, It seems meaningless to speak of apparent distance in connec- 
tion with the haptical inspection of an illusory figure. 

The perspective theory is one form of a relational stimulatory theory. 
In its general terms, this theory states that judgments of the size of an 
object are relative to the spatial properties of the surrounds. It makes 
no statements involving processes which are specific to one modality. The 
major weakness of various relational or context theories is that they have 
used such terms as contrast and confluence as though they were explana- 
tory principles. Both terms do nothing more than state that judgments are 


* E. G. Boring, Sensation and Perception i i imental Psychol- 
osy, 1942, E ception in the History of Exper: y 
R. M. Pritchard, Visual illusions viewed as stabilised retinal images, Quart. I. 
exp. Psychol, 10, 1958, 77-81. X S 
“F, E. Craig, Variations in the illusion of filled and unfilled tactual space, this 
JounNAL, 43, 1931, 112-114. : 
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relational. There is a need to determine for each class of illusion the 
stimulus-features compared and the processes involved in the comparison. 

It is, of course, possible that the processes underlying haptic and visual 
illusions are similar in principle but different in operation; for example, 
that both haptic and visual judgments are based on relational stimulation 
but that the visual interpretation of relationships is in terms of S’s past 
experience with three-dimensional spatial arrangements. In these terms, 
however, it is unlikely that practice avould modify haptic and visual il- 
lusions at the same rate or that there would be crossmodal transfer of the 
decrement effect! A more probable hypothesis is that similar kinds of 
relational responding underlie haptic and visual illusions. The problem 
becomes one of determining the processes involved. 


SUMMARY 

In the present experiments, it has been asked whether variables which 
have been shown to influence the magnitude of visual illusions similarly 
influence haptic (tactile-kinesthetic) illusions. Both visual and haptic judg- 
ments made of the Müller-Lyer figure were found to be a function of the 
angle of the arrowheads. For both modes of judgment, a larger illusion 
was found for the bisection (inverted T) than the horizontal-vertical 
figure. The results suggest that theories which attempt to explain illusions 
in terms of processes which are specific to vision are invalid. 


1 Rudel and Teuber, op. cit, 128-129. 


CHOICE REACTION-TIME AND SIZE OF STIMULUS-SET 
WHEN TRANSMITTED INFORMATION IS HELD CONSTANT 


By I. M. SCHLESINGER and RACHEL MELKMAN, 
The Hebrew University, Jerusalem 


In a previous study, it was shown that if response-information was 
held constant in a disjunctive reaction, varying the stimulus-information 
by introducing different relative frequencies of stimuli affected the reac- 
tion-time? The question was then suggested, whether this effect of stimulus- 
information could be generalized to cases in which it was varied by increas- 
ing the number of alternative stimuli. 

In general, the degree of similarity among stimuli increases with their 
number. When this is the case, our hypothesis states nothing more than 
that similarity and, hence, ‘confusability’ increases with the number of 
alternative stimuli, which is the finding of studies by Crossman and by 
Rabbit? We suggest that the approach of information-theory to our 
problem will prove to be fruitful only when stimulus-information not 
confounded with an independently defined variable of discriminability 
can be shown to affect response-times. Previous studies have failed to keep 
these variables unconfounded.* 


The problem of isolating stimulus-information can be solved in the following 
way. $ is instructed to discriminate between two sets of stimuli: the size of one 
set is known to him and the other is—from his point of view—indefinitely large. 
Two sets of stimuli are used in the experiment. S is first thoroughly familiarized 
with the stimuli of one of the sets, Then he is presented with a stimulus which be- 
longs either to this faméliar set or to the other unfamiliar set, and is instructed to 
indicate whether the stimulus is one of those of the familiar set or not. Since S has 
no information about the size of the set of unfamiliar stimuli, this set is assumed 


* Received for publication January 14, 1966. The writers thank Dr. D. Kahne- 
man for suggestions and criticism, and Dr. C. W. Greenbaum for comments on the 
drafts of this paper. 3 

ŽI. M. Schlesinger and Rachel Melkman, The effect on choice reaction-time of 
stimulus information varied independently of transmitted information, J. gen. 
Psychol., 74, 1966, 165-172. 

E. R. F. Crossman, The measurement of discriminability, Quart. J. exp. Psychol. 
7, 1956, 176-195; P. M. A. Rabbitt, Effects of independent variations in stimulus 
and response probability, Nature, 183, 1959, 1212. t 

Crossman, op. cit., 176-195; Rabbibt, op. ciz, 1212; R. E. Morin, Bert Fortin, 
and Wayne Archer, Information processing behavior: The role of irrelevant stimulus- 
information, J. exp. Psychol., 61, 1961, 89-96. j 
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to be subjectively indefinitely large. Hence, it is predicted that responses to un- 
familiar stimuli will take longer than those to familiar-stimuli. Discriminability will 
not be relevant to the results, since it can differ only between sets of stimuli; it 
makes no sense to say that A is more discriminable from B than B from A. 

No specific prediction can be made as to the size of the difference in reaction- 
times, because S is not informed of the actual size of the set of unfamiliar stimuli. 
Moreover, the relationship between reaction-time and amount of information has 
previously not been found to hold for individual stimuli. 

The predicted difference between responses to familiar and unfamiliar stimuli 
may be accounted for in terms of a "matcHing model, such as the one proposed by 
Welford" Assume that the incoming stimulus is matched against the set of n fa- 
miliar stimuli, one after another. If the incoming stimulus is an unfamiliar one, # 
matchings will be required in order to decide which response is to be made. If, 
however, the incoming stimulus belongs to the set of familiar stimuli, it will often 
not be necessary to go through the whole set in order to identify it as being fa- 
miliar; with equiprobable occurrence of n stimuli the mean number of matchings 
required will be (y + 1)/2. Hence less time will be required to respond to a fa- 
miliar stimulus than to an unfamiliar one. 

This matching model thus describes a possible process whereby the number of 
stimulus alternatives affects reaction-times. It enables us to make a specific predic- 
tion regarding the effect of the size of the set of familiar stimuli. A response to an 
unfamiliar stimulus will require » matchings, to a familiar one, (7 + 1)/2 match- 
ings. One may infer that the response to the unfamiliar will take longer, up to 
twice the time for the familiar. Moreover, the ratio will be greater for a larger n. 

It should be noted that prediction concerning the effect of size of set cannot be 
derived from the main hypothesis of this paper. The effect of stimulus-information 
e it is not known how large, subjectively, is 
the ensemble of unfamiliar stimuli. Our hypothesis is therefore weaker than the 
matching model. In the present study, it was intended to test the more general 
hypothesis, that is, that stimulus-information varied independently of trans- 
mitted information will affect reaction-time, and, in addition, to test the specific 
matching model described above. 


on tesponse-time is uncertain becaus 


Method: (1) Apparatus. On a vertical display board, nine rows of 6-w. lights 
were mounted, each row containing nine such bulbs. The square of 9 X 9 lights 
was 25 cm. square, The apparatus was so constructed that different light-patterns 
could be presented. Two telegraph keys were built into the circuit in such a way 
that depressing either kéy would break the circuit and extinguish the light-pattern. 
An electric clock was switched on simultaneously with the light patterns and was 
stopped by depressing either one of the telegraph keys. 

Stimulus-patterns. Bight different stimulus-patterns could be presented by the 


above apparatus. Four of these were nine-light patterns and four others were seven- 
light patterns. Heenceforward these will be referred to as 9-1 and 7-1 respectively 


*Ray Hyman, Stimulus information as a determinant of reaction-time, J. exp. 


Psychol, 45, 1953, 188-196. 
A. T. Welford, The measurement of sensory- 
reappraisal of twelve'years' progress, Ergonomics, 


motor performance: Survey, and 
3, 1960, 189-299. 
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These patterns were constructed for use in a previous experiment and have been 
described in more detail elsewhere." 

Each pattern was presented, in addition, on a key-card (13.8 X 8.6 cm.) by 
small dark-blue circles on a white background. 

(2) Subjects. Twenty students studying at the Hebrew University—5 men and 15 
women—served as Ss. They were between 19 and 30 yr. old. 

(3) Procedure. The experimental procedure, in general outline, was as follows. 
The fitst phase of the experiment presented four of the stimulus-patterns—two 9-1 
and two 7-l—with the purpose of familiarizing S thoroughly with them. Next, S's 
recognition of the patterns was tested: iie was told to respond to any one of the 
familiar patterns by depressing one of the telegraph keys and to an unfamiliar pat- 
tern by depressing the other one. 

After a certain criterion was met, the experiment proper began. This consisted 


of 32 presentations, half of which were familiar patterns, ie. those learned by Ss’ 


in the first phase, and the other half unfamiliar patterns. S was instructed to dis- 
criminate between familiar and unfamiliar patterns by depressing one of the two 
keys. He was not informed of the number of unfamiliar patterns. 

To find out to what extent experience with the set of unfamiliar stimuli in the 
discrimination-task made these familiar to S, he was presented with each of these 
stimuli after the end of the experiment proper, and asked which ones he had seen 
before. Of the four stimuli, Ss recognized mostly only two or three, When asked 
what was their estimate of the number of unfamiliar stimuli, most $s gave numbers 
larger than four. The familiar set thus remained actually more familiar and appeared 
smaller in size, even at the end of the experiment. 

Before half of the presentations, E informed § whether a 9-l or a 7-l pattern 
would appear; in these presentations the number of possible familiar patterns was, 
accordingly, two instead of four. (Although the same was, of course, also true of 
the number of possible unfamiliarized patterns, $ could not have known this.) 

It has been shown that negative sentences take longer to respond to than posi- 
tive sentences, both in English and in Hebrew, which is the language in which the 
instructions were given in this experiment.’ Hence, it was conceivable that instruc- 
tions to respond in a certain way to unfamiliar stimuli (in Hebrew one says "not 
familiar") would result in subvocal responses lengthening the reaction-time to these 
stimuli compared with the familiar stimuli. To counterbalance this effect, unfamiliar 
stimuli were called “new” and familiar stimuli, “not new” for half of the Ss. 

Time taken for each response and errors was recorded by E. 

(a) Training trials. Key-cards representing four different stimulus-patterns—two 
7-1 and two 9-I—chosen at random were placed in front of S from left to right. 
S was instructed to acquaint himself with these patterns so that he would be able 
to discriminate them from other stimuli later in the experiment. His attention was 
drawn to the fact that two patterns consist of 7 circles and the other two of 9 cit- 
cles. He was then told to compare the patterns on the key-cards with those appear- 
ing on the display board. The light-pattern corresponding to the key-card to S's 


“I, M. Schlesinger, Discriminabili functi fi lexity, J. ge". 
Bao alae M ity as a function of figure complexity, J. f 

"P. C. Wason, Response to affirmative and negative binary statements, Brit. J. 
Psychol., 52, 1962, 153-142; R. R. Eifermann, Negation: A linguistic variable, Acta 
Psychol., 17, 1960, 258-273. 
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left, a 7-1 card, was then switched on for 5 sec, and E proceeded to present each 
of the other three patterns, a second 7-1 then two 9-Is from left to right in this 
manner. Next, $ was shown the four light-patterns again for 3 sec. each and in the 
same sequence. 

(b) Test-trials. The key-cards were turned face downward and S was told that 
he would be shown either a “not familiar” ("new") or a "familiar" ("not new") 
pattern, S was instructed to respond to familiar patterns by depressing the key to 
his right, and to unfamiliar patterns by depressing the key to his left, using the 
same finger for both responses and reacting as quickly as possible. For half the Ss, 
chosen randomly, the assignment of keys "to type of stimulus was reversed. E then 
switched on two familiar (one 7-1 and one 9-1) and two unfamiliar (one 7-1 and 
one 9-l) patterns. 5 was informed of any error he made; if he made an incorrect 
response to a familiar pattern, he was shown the same pattern again on the display 
board, so that he would recognize it better in the following. Next, he was given 
four test-trials with the remaining four patterns. 

A criterion was set up for the correctness of response in the test trials, This was 
one incorrect response in the series of four trials. If he made more than one error, 
he was given another series of training trials in which each familiar pattern was 
exposed for 3 sec., and could be compared to the patterns on the key-cards. After 
this, he was given the test-trials again. None of the $s failed to meet the criterion 
in this second series of test-trials. 

(c) Measuring response-times 10 familiar and to unfamiliar stimuli. Instructions 
for the main phase of the experiment were the same as for the test-trials. In addi- 
tion, $ was told that on some of the trials he would be told beforehand whether a 
7-1 or a 9-1 pattern would appear. Actually, before 16 of the 32 trials, such an- 
nouncement was made, and before another 16, none was made. An ABBA se- 
quence was used. 

Each of the eight stimulus-patterns—four familiar and four unfamiliar—ap- 
peared four times: twice preceded by such an announcement, and twice without an- 
nouncement. The sequence of the patterns Was determined for each S separately by 
referring to a table of random numbers. 

In this phase of the experiment, $ was not informed of errors. 


RESULTS AND DISCUSSION 


Response-times were measured for the two kinds of stimuli—familiar 
and unfamiliar—under two conditions: (a) S was informed beforehand 
whether a 7-l or 9-1 pattern would appear, 4.2. there were two alternative 
familiar patterns; (b) no such information was given, i.e. there were four 
alternative familiar patterns. Mean response-times are shown in Table I. As 
predicted, unfamiliar patterns took longer to respond to, and the difference 
was found to be significant at the 17 level by a Wilcoxon test (T — 28). 
This finding confirms the main hypothesis of this study concerning the 
effect of stimulus-information on response-times. 

Restricting the number of alternative familiar patterns was effective 
in reducing response-times to familiar patterns from a mean of 2.07 to a 
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mean of 1.93 sec. This difference was significant at the 5% level by the 
above test (T = 50.5). For unfamiliar patterns, however, restricting the 
number of alternatives reduced response-times by only 0.02 sec. and this 
difference was not significant (T — 72). These results fail to bear out 
the prediction derived from the matching model, according to which the 
effect of the number of alternative stimuli would be more pronounced for 
unfamiliar than for familiar stimuli. In this connection, it is of interest that 
in a previous experiment in which stimulus-information was varied by fre- 
quency-imbalance, results were obtained which also failed to fit predictions 
made from the matching model. 

Welford has proposed a three-stage central mechanism to account for results of 


previous studies of sensorimotor tasks.’ The present findings, in conjunction with 
those of the experiment in which stimulus-information was varied by frequenicy-ir- 


TABLE I 
MEAN RESPONSE TIMES IN SECONDS 


Stimulus 
Stated number of familiar patterns 
Familiar Unfamiliar 
2 1.93 2.22 
4 2.07 2.24 
Mean 2.00 2.23 


balance, give additional evidence for the 'perceptual mechanism' which constitutes 
the first stage of Welford’s model, One of us has suggested that it might be fruitful 
to conceive of each of these three stages as a channel with limited capacity for 
transmitting information.” Some support for this notion has been obtained in the 
experiment on frequency-imbalance. Unfortunately, the experimental situation dealt 
with in the present paper does not lend itself to testing such an hypothesis, since, 
as stated above, no specific Predictions can be made regarding the difference be- 
tween response-times to familiar and to unfamiliar stimuli. 

In a study concerned with a different theoretical problem, a single response was 
called for, whereas the number of stimuli was varied." Ss responded by saying 
"recognize" whenever they saw the stimulus-figure, which was either a square of a 
circle. When they were informed beforehand which figure would be presented, re- 
Sponse-times decreased significantly, though only very slightly. Garner quotes this 
experiment as being relevant to the problem of the effect of stimulus-uncertainty.” 
There seems indeed to be no question of ‘confusability’ in the Bevan and Dukes 


* Schlesinger and Melkman, op. cit., 165-172. 

* Welford, op. cit., 192. i ae 

" Schlesinger, Response uncertainty as a determinant of reaction-time, Acta Psychol, 
22, 1964, 52-59. 

* William Beyan and W. P. Dukes, Preparatory set (expectancy) —an experimental 
consideration of its "central" locus, Brit, J. Psychol., 44, 1956, 52-56. 
z 2 R. Garner, Uncertainty and Structure as Psychological Concepts, 1962, 
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experiment, since no discrimination was called for. It is suggested, however, that 
their experimental situation is a rather special case, and that no conclusions can be 
drawn from it concerning the issue dealt with in the present paper. It seems safe 
to assume, that the instruction to respond by saying "recognize" is taken by S to 
mean that he must first decide whether a circle or a square is shown and only then 
announce that he has recognized the figure, Hence, when no advance information 
is given he performs, in effect, a discriminative reaction; whereas when he is in- 
formed beforehand which figure will appear, he performs a simple reaction, Obvi- 
ously, a discriminative reaction can be expected to be similar to a disjunctive reaction 
in that it requires more time than a simple reaction, Our experiment differs from 
the Bevan and Dukes experiment in that $ was not required to recognize which 
stimulus is shown but only to perform a two-choice reaction, and the results ob- 
tained seem unequivocal in demonstrating the effect of the number of stimulus- 
alternatives when transmitted information is constant. 


€ 


SUMMARY 


It is generally accepted that choice-reactions are a function of the 
amount of transmitted information. This paper advances the hypothesis 
that reaction-times are dependent also on the amount of stimulus-in- 
formation when the latter is varied independently of transmitted informa- 
tion. 

In the present study, stimulus-information was varied by varying the 
number of alternative stimuli. In doing this it is necessary to keep stim- 
ulus-information and similarity unconfounded. This was done by letting 
the Ss discriminate between a set of familiar and a (subjectively) indefi- 
nitely larger set of unfamiliar stimuli. In such a two-choice task, responses 
of 20 Ss to familiar patterns required significantly less time than re- 
sponses to the unfamiliar patterns. Thus, the hypothesis was corroborated. 

A ‘matching model’ which was advanced to account for the effect of 
stimulus-information was tested by comparing response-times in two ex- 
perimental conditions: (a) when there were four alternative familiar 
patterns; and (b) when the number of these patterns was only two. 
Contrary to predictions derived from the model, the smaller number of 
alternatives was effective in reducing response-times only to familiar pat- 
terns. 


13 This is essentially the task required in Julius Merkel, Die zeitlichen Verhältnisse 
der Willenstitigkeit, Philos. Studien, 2, 1885, 73-122. 


FLUCTUATION OF AMBIGUOUS FIGURES AND 
INTELLECTUAL FLEXIBILITY 


By ANTE FULGOSL University of Zagreb, and 
J. P. Guirronp, University of Southern California 


The immediate reason for this study was the fact that the second au- 
thor had hypothsized that Thurstone’s' factor described as the "rate of 
alternation of ambiguous figures" is possibility identifiable with the ability 
defined as "divergent production of figural classes" in the second author's 
structure of intellect.2 

Thurstone's factor was determined by substantial to high correlations 
among his tests of Retinal Rivalry, Windmill Illusion, and Necker Cube. 
In each of these tests, under steady fixation the observed figure alternates 
between two different perceptual organizations or visual structures, more 
tapidly for some individuals than for others. Before Thurstone demon- 
strated that the rate of fluctuation reflects a constant personal quality and 
that his three tests could all be used to measure the same trait in indi- 
viduals, Porter had shown that as many as 15 different ambiguous figures 
gave similar evaluations of individuals in this respect. 

The factor of divergent production of figural classes (DFC) has been 
defined as the ability to shift readily from one class of visually per- 
ceived objects to another. Having grouped a collection of objects in one 
dass, e.g. as to color, the individual can readily regroup them with 
fespect to some other attribute, e.g. as to shape, or other attributes to form 
other classes. It was suggested that the flexibility found in connection 
with shifting alternative figures might belong in the same category as 
shifting from class to class where figures are concerned. 

The essential Strategy of this study involved administering three se- 
lected tests of rates of fluctuation together with three tests designed for 


* Received for publication April 26, 1966. A study supported by Contract Nonr- 

228(20) with the Office of Naval Research, Panonii and Training Branch. 
J. P. Guilford, Personality, 1959, 383-384; L. L. Thurstone, À factorial study 

of perception, Psychometric Monogr., 4, 1944, 109-110. d 

? Guil ford, Three faces of intellect, Amer. Psychologist, 14, 1959, 469-479. This 
factor will often be designated by its structure-of-intellect trigram symbol DFC in 
the remainder of this paper. : 

"E. L. H. Porter, Factors in the fluctuation of fifteen ambiguous phenomena, 
Psychol. Rec., 2, 1938, 231-253. 
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the intellectual aptitude factor DFC. It did not appear necessary in a 
preliminary investigation to determine whether the rate of fluctuation 
would also be related to divergent production of classes where the in- 
formation is either symbolic (composed of literal and numerical items) 
or semantic (composed of meaningful verbal items), for relationships to 
the parallel abilities in the symbolic and semantic areas of information 
are less likely. If the results of this study came out with a positive re- 
lationship, studies of the rate of fluctuation in connection with the pat- 
allel symbolic and semantic abilities‘ (DSC and DMC, where "M" stands 
for semantic) would be more reasonably considered. 

A secondary aspect to the problem was to see whether rate of fluctua- 
tion would possibly correlate with tests of any other intellectual factors 


.that have to do with flexibility. In addition to the type of flexibility that 


pertains to the ready shifting from class to class, which has been known 
as "spontaneous flexibility," there are two other kinds that have been 
recognized in connection with structure-of-intellect (SI) abilities.* One 
type is known as adaptive flexibility, which was first recognized in con- 
nection with a factor for which a Match Problems test is a consistent indi- 
cator. In each item of a Match Problems test is a set of continuous - 
squares (triangles), the sides of which are composed of match sticks (rep- 
resented in line drawings). The examinee is told to remove a specified 
number of matches to leave a specified number of squares (triangles) and 
to solve each problem in different ways. The kind of flexibility involved was 
first identified as "adaptive flexibility," because it was necessary to be flexible 
in order to solve a problem. The factor has more recently been identified as 
the divergent production of transformations (with the trigram symbol 
DFT), where transformations are any kinds of change. It was recognized 
that there are also potential DST and DMT abilities or functions, of which 
DMT has been demonstrated many times. Again, it was thought that it was 
most likely that if rate of fluctuation is related to any adaptive-flexibility fac- 
tors at all, it would be with DFT, the figural factor. Consequently a form 
of Match Problems'was used in this study. 

The third type of flexibility has been recognized as a kind of redefini- 
tion, a low degree of which has been associated logically with functional 
fixedness. Such an intellectual factor was first found in the semantic area." 

Parallel factors in the figural and symbolic areas were hypothesized 


‘J. W. Frick, J. P. Guilford, P. R. Christensen, and P. R Merrifield, A factor-ana- 
lytic study of flexibility of thinking, Educ. psychol. Measmt., 19, 1959, 469-496. 

*R. C. Wilson, J. P. Guilford, P. R. Christensen, and D. J. Lewis, A factor-analyt- 
ic study of creative-thinking abilities, Psychometrika, 19, 1954 p. 306. 
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on the basis of the SI-theory and have since been demonstrated. With the 
thought that only the figural-redefinition factor might possibly be related 
to rate of fluctuation, only a test to represent factor NFT was included in 
this study. That test is Hidden Figures, a multiple-choice test based upon 
the Gottschaldt figures. Gottschaldt’s five basic figures are the alternative 
answers for every item, each of which is one of his "more complex figures, 
within which one of the basic figures is hidden. 


Test-material. Five printed tests, administered to small groups, of Ss, were used 
to represent three intellectual abilities having something to do with flexibility of 
thinking. The tests of Match Problems and Hidden Figures have just been described. 
Three tests designed for Factor DFC were included for several reasons. One reason 
was that this factor had been less strongly demonstrated previously in a ninth-grade 
sample but not in an adult sample, to which the same test-battery had been admin- 
istered. One test designed for DFC previously had been revised and a new one had 
been written. Three tests were selected for use in the study to represent Factor 
DFC, anticipating a small factor analysis of these three tests with the three fluctua- 
tion-rate scores," 

The three DFC tests were: 

Multiple Grouping of Figures presents in each problem nine quasi-geometrical 
line drawings, each figure with several attributes so that it is capable of being 
classified in more than one way. The examinee is to form as many classes as he can, 
each with at least three figures, 

In each problem of Multiple Figural Similarities, a set of three line figures is 
given, forming a class because they have several attributes in common. The ex- 
aminee is to select from a set of 10 figures, each of those that could be classified 
with the set of three by reason of at least one common attribute. 

In an item of Alternate Letter Groups, a set of eight letters of the alphabet, in 
capital form, is given. The examinee is to form as many classes as he can, each 
composed of at least three letters, e.g. those having only straight lines or those 
having closed figures in them. 

Apparatus for fluctuations, The fluctuation "tests" had to be administered indi- 
vidually, since a monitored count of each subject's fluctuations in a given time- 
period has to be recorded. $ reported each fluctuation the moment it occurred by 
pressing a lever, which registered on an impulse-counter in another room. The 
room was practically free from distractions, being designed as "sound-proof." All 
stimuli for ambiguous figures were seen on a large gray background, In every case, S. 
was given printed instructions and was given a short learning session in which he 
became acquainted with the two views to be seen in each fluctuation-test and with 
the procedure for reporting changes. A passive attitude was emphasized for all the 
fluctuation-tests, with S told not to hold back changes or to try to bring them about. 
In each test, two 3-min. obbservation-periods were given, with a 1-min. rest 
period between. The score was the sum of the two part scores, and from the latter 


social intelligence, Rep. psychol. Lab., University of Southern California, No. 34, p. 23. 
"We ate indebted to Mr. Jack Dunham, who was preparing the same tests for 
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reliability estimates could be readily made, applying the Spearman-Brown formula. 

(1) Retinal rivalry. In an ordinary stereoscope, two gray backgrounds were shown, 
with a square of blue and a corresponding square of yellow, the patches being 2 cm. 
on each side, Adjustments were made to give each $ completely overlapping squares. 
S was instructed to press the lever only when a new color had completely taken 
over. 

(2)Necker cube. The outline cube was drawn with each square’s sides 9 cm. long, 
in black ink on a white cardboard. A fixation-point was provided in the center of 
the total figure. 

(3) Rubin vase. The Rubin vase figureewas made of black profiles of a face on a 
white background, the total figure measuring 7.5 X 7.5 cm. Both Necker cube and 
Rubin vase were presented directly in front of $ at a distance of about 90 cm. 


TABLE I 
INTERCORRELATIONS, MEANS, AND STANDARD DEVIATIONS FOR THE 
ee? FLUCTUATION-RATES AND TEST-SCORES 
Variables 
11.22 ENTE 5 6 7 8 9 Mean SD. 
(1) Multiplegroup- — .14 .28 .05 .12 .24 -13 42 15 13.7 3.14 
ing of figures 
(2) Multiple fig- .14 — .38 .00 .08 .09 .10 .36 .29 14.0 4.98 
ural similarities 
(3) Alternate letter .28 .38 — — .04 —.16 —.06 —.04 .42 .45 16.9 4.83 
groups 
e Retinal rivalry .05 .00 .04 —  .36 .42 .55 .11 .06 52.0 9.74 
5) Rubin vase 12 [08 —.16...36. == 9 820 °* .10 .00 88.7 64.63 
(6) Necker cube .24 .09 —.06 .42 .82  — cd .13 .14 83.0 51.24 
(T) Vase-cube 13 .10 —.04 .55 * * — 18 .19 105.2 16.26 
(8) Hidden figures .42 .36 .42 .11 .10 13 18 — .45 9.4 2.69 
(9) MN "1511201 45 e 1007) 814. 7.19. 40 24.7 6.50 
ems 


* Correlations in these cells are part-whole and irrelevant. 


Between the completion of one test and the first presentation of the next, there was 


an interval of 1 min. f 
The printed tests were administered in small groups from 20 to 30 days following 


the administration of the fluctuation-tests. 

Subjects. The Ss were students in beginning psychology who volunteered for the 
experiment. As a partial requirement in the course, every student was required to 
volunteer for service as an experimental S. The intention was to test 100 Ss, and 
101 did receive the individual tests, but only 85 could be tested later with the group 
tests, largely owing to irregular schedules at the end of the semester. 

Results. The major part of the relevant data is presented in Table I.8 
Estimates of reliability are not all given, since they were not made for all 
variables used in this study. The alternate-form reliabilities for the three 
fluctuation-rate scores were very high, ranging from 0.94 to 0.96. In 
other studies the reliabilities of the printed tests have been much lower 
than those values, commonly in the range of 0.60 to 0.70. Since the dis- 


- 5 " 
* For the computations involved we are indebted to the Biomedical Data Center 


at the Universtiy of California at Los Angeles. 
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tributions of the scores for the fluctuation-tests were strongly positively. 
skewed, they were normalized before computation of the intercorrelations. 

Examination of the intercorrelations shows that the correlations among 
the three fluctuation-tests were moderate to high, and those among the 
three tests intended for Factor DFC were low but all positive, On the 
other hand, correlations between the two kinds of tests were essentially 
zero. This suggests that there were two distinct factors, one for the fluc- 
tuation-tests and one for the DFC-tests. But because two of the fluctuation- 
rate tests (Necker cube and Rubin vase) correlated 0.82, which was dis- 
tinctly higher than either of these tests correlated with retinal rivalry, a 
factor analysis would very likely show a third doublet factor for those 
two tests. For the factor analysis, therefore, the scores for Necker cube 


and Rubin vase were combined, em 
TABLE II 
ROTATED Factor MATRIX 
Tests Factors Communalities 
A B 
Multiple grouping of figures +35 .14 14 
Multiple figural similarities 45 «11 28 
Alternate letter groups .70 .00 49 
Retinal rivalry .00 .70 49 
Vase-cube .05 74 +52 


The factor analysis of the five test variables was carried out by hand 
calculation and axes were rotated graphically to give the rotated factor - 
matrix shown in Table II. The results show a very complete separation of 
the two groups of tests, giving a decisive answer to the main question of 
this study, The conclusion is clear; the fluctuation-rate factor and the 
factor for divergent production of figural classes are totally different and 
unrelated psychological variables. ; 

Nor were the correlations of the scores of the fluctuation-rate with 
Match Problems and Hidden Figures any higher than with the three DFC 
tests, suggesting that the fluctuation-rate factor is identifiable with neither 
the intellectual ability of DFT (divergent production of figural transfor- 
mations) nor that of NFT (convergent production of figural transfor- 
mations, 

The finding with respect to the test Hidden Figures is consistent with — 
Thurstone's result in his analysis of perception.* Thurstone had in his | 
battery more than one test of the type of Hidden Figures, which together 
determined a factor that was distinct from that for his fiuctuation-rate tests. 


° Thurstone, op. cit, 94-95. 
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Intercorrelations between the two sets of tests were essentially zero, some 
of them being on the negative side. 

Discussion. Fluctuation-rate scores do not correlate with tests for three 
of the intellectual-ability factors that pertain to flexibility in dealing with 
figural information. Will they correlate with any other intellectual abili- 
ties? Although this seems highly unlikely, there are a few reports of such 
correlations. 

Craine reported a correlation (epsilon coefficient) of .64 between rate 
of retinal rivalry (vertical vs. horizontal bars) and score on the Ohio 
State Psychological Examination? Further study showed a correlation of 
42 with Raven's Progressive Matrices, with an N of 41.1 It also revealed 
a correlation of only .24 with the WAIS Full-scale IQ (N = 40) but a 
significant correlation (coefficient not given) with Performance IQ.'* One 
should not expect such correlations to be replicated in larger samples, 
although it is possible that the retinal-rivalry score involves some basic 
vatiable or variables not shared with other fluctuation-rate tests. 

Results from Thurstone's report of his analysis of perception tell a 
quite different story. Thurstone had in his battery of tests some that repre- 
sented five of his PMA factors—verbal, numerical, word fluency, reason- 
ing, and space. Scores for these five factors correlated close to zero with 
all three of his fluctuation-rate scores, for his Windmill illusion, Retinal 
rivalry, and Necker cube tests? It is likely that Thurstone's results are 
more representative, they were derived from a rather large sample 
(N = 170). 


SUMMARY 


The hypothesis tested was that Thurstone's factor of rate of spontaneous 
fluctuation of ambiguous visual phenomena is identifiable with the intel- 
lectual-aptitude factor of divergent production of figural classes (DFC). 
Three tests for each factor were administered to a sample of students and 
the intercorrelations ,were factor analyzed. The analysis showed the two 
factors to be clearly orthogonal. 

No relation was found between fluctuation-rate and scores for tests 
representing two other intellectual abilities that pertain to flexibility in 
thinking. The factor, fluctuation-rate, is probably a purely perceptual 
phenomena and apparently has nothing to offer toward the understanding 
of flexibility in thinking. 


? Kenneth Craine, Binocular rivalry: Its relation to intelligence and general 
theory of its nature and physiological correlates, J. ger. Psychol, 64, 1960, 261. 
N equalled only 40, however. 

ra Craine, op. cit, 262. 

E Op. cit., 262. 

* Thurstone, of. cit., 121. 


PERCEPTION OF THE VISUAL HORIZONTAL IN 
NORMAL AND LABYRINTHINE DEFECTIVE OBSERVERS 
DURING PROLONGED ROTATION 


By BRANT CLARK, San Jose State College, and ASHTON GRAYBIEL 
U.S. Naval School of Aviation Medicine 


» 


It is well known that both normal and labyrinthine defective (L-D) Os 
can set a luminous line to the horizontal in darkness with small error 
when they are seated erect and stationary.t It is also well known that 
when normal Os are quickly accelerated to a constant angular velocity 
at some distance from the center of rotation of a rotating room, two effects 
occur: (1) There is a slow change in the perceived visual horizontal so 
that it tends to become close to the horizontal which is established by the 
resultant of gravity and centripetal force. This gradual change in visual 
orientation has been termed the lag-effect of the oculogravic illusion, and 
its duration is between 1-2 min.? (2) After the lag-effect terminates, there 
is little or no systematic change in the perceived visual horizontal at least up 
to 4 hr? The lag-effect has also been reported for L-D Os, but it was 
much less clearly defined.* No data are available on the perception of the 
visual horizontal over a prolonged period of constant rotation in L-D Os. 
Furthermore, the observations of the perception of the visual horizontal 
by normal Os made during the 4-hr. exposure to constant centripetal ac- 
celeration were made only every 10 min. It was the purpose of the present 
study to make frequent observations of the perceived visual horizontal 
(oculogravic illusion) in normal and L-D men over a period of 1 hr. of 
constant rotation, including both the 2-min. period of the lag-effect and 
subsequent period of constant rotation, to determine any systematic changes 
in the lag effect under these conditions. 


Method: (1) Apparatus, All of the observations were made in the Pensacola Slow 


* Received for publication August 6, 1965. This study was conducted under the 
sponsorship of the Offices of Life Sciences Programs, National Aeronautics and Space 
Administration, Grant R-93. 

; Ashton Graybiel, The oculogravic illusion, Arch. Ophthal., 48, 1952, 605-615. 

Graybiel, op. cit, 605-615; Ashton Graybiel and Brant Clark, The validity of the 
oculogravic illusion as a specific indicator of otolith function, BuMed Proj. MR005. 
13-6001 Subtask 1, Rep. No. 67, Pensacola, Florida; Naval School of Aviation 
Medicine, 17 Feb. 1962, 1-28. 

*Clark and Graybiel, Visual perception of the horizontal during prolonged ex- 
posure to radial acceleration on a centrifuge, J, exp. Psychol., 63, 1962, 294-301. 

* Graybiel and Clark, op. cit., 1-28. 
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Rotation Room which has been described in detail elsewhere.’ The velocity used in 
this experiment was 14.0 r.p.m. in a counterclockwise direction which could be pro- 
duced in from 3-4 sec. and maintained within an error of 4%. O was seated in a 
special chair located within a light proof compartment at the periphery of the room 
so that his head was 5.5 ft. from the center AE rotation which produced a change in 
the direction of resultant force (phi) of 20° at his head. A Fiberglas head holder 
bolted to the chair, a seat-belt, and other supports maintained him in a fixed though 
comfortable position, facing the direction of rotation. O observed a luminous line 
broken in the center with a spot. The luminous line was within a collimator mounted 
rigidly directly in front of O. Either O or E could control the position of the luminous 
line by turning a knob, and its position was recorded on a large dial in a second 
compartment. E reported the readings to a recorder in the control room through a 
special communication system so O could not hear them. Thus, O could indicate his 
perception of the visual horizontal as a function of time following a rapid change 
in resultant force and subsequent constant rotation. 

(2) Procedure, Each series of observations began with the room stationary. The 
luminous line was offset from horizontal in a clockwise direction, and then O set it 
to the horizontal, Five such readings were made while the room was stationary. The 
*room was then accelerated quickly to produce a change in phi of 20°. The line was 
offset, and O immediately set it to horizontal and maintained it in this position, At 
15 sec, following the beginning of rotation and every 15 sec. up to 2 min, E made 
a reading and offset the line as before. The luminous line was turned off after the 
2 min. reading and remained off for 45 sec. During this period it was offset to a 
prearranged position and when the luminous line was turned on O set it to hori- 
zontal, E made a reading at 3 min. and turned it off again for 45 sec. Subsequently, 
readings were made every minute for 60 min. The offsets were prearranged to make 
O's task fairly difficult. The reference point was always his last setting. For the 
2 min. setting it was offset from the previous setting clockwise --10*; at 3 min, it 
was offset counterclockwise —10°. Succeeding offsets were +20°, —20°, +30° and 
—30°. This sequence was then repeated until the 58 additional settings were made. 
The oculogravic illusion was measured by determining the deviation of O's settings 
from his static settings. This procedure obtained a record of his perception of the 
horizontal as a function of time following a change in the magnitude and direction 
of resultant force acting on him or in other words gave a measure of the oculogravic 


illusion. 

(3) Observers, Five normal men, including one of the authors, were studied. All 
had normal nystagmus responses to caloric stimulation, normal responses to rotation, 
and experienced the oculogravic illusion in other experiments. Nine labyrinthine 
defective (L-D) men were also studied. All were deaf and had acquired their deaf- 
ness in childhood as a sequela of meningitis. All of them had abnormal vestibular 


responses to caloric stimulation and rotation. 

Results. The results showing the change in setting to the horizontal as a 
function of time for the five normal and and the nine L-D men are pre- 
sented in Fig, 1. The same data combined into blocks of five 1-min. settings 
ate to be found in Table I. The lag-effect was clearly present for both 
groups (Fig. 1). There was a sharp increase in the oculogravic illusion 
for about 60 sec, and then a slight reduction with a leveling off thereafter. 
On the other hand, the normal and L-D Os differed from each other in two 
significant ways: First, at the termination of the lag-effect, the normal 
group made settings to the horizontal which were closely in accord with 
the change in the direction of the resultant force, i.e. the oculogravic illu- 


* Ashton Graybiel, Brant Clark, and J. J. Zarriello, Observations on human sub- 
jects living in a ‘slow rotation room’ for periods of two days, Arch. Neurol, 3, 
1960, 55-73. $ 

* Graybiel, op. cit., 605-615. 
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sion was approximately 20° (Fig. 1, Table I) while the illusion was only 
about 12? for the L-D group; secondly, the settings of the normals did not 
Show a systematic change following the lag-effect where the L-D Os showed 
a continuous increase in the illusion throughout the 1-hr. petiod of the 
observations. These differences are clear from an examination of the data 


FIVE NORMAL MEN 


*---* NINE LABYRINTHINE 
DEFECTIVE MEN 


O 24 6 8 10 12 14 16 18 20 2224 26 2630 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 


Fig, 1. CHANGE IN THE OcuLocRAvic ILLUSION IN DEGREES DURING 1 HR. OF 
CONSTANT ROTATION 


TABLE I 


MEAN Ocutocravic ILLUSION IN DEGREES FOR BLocks or FIVE TRIALS FOLLOWING 
ABRUPT ACCELERATION TO Constant VELOCITY IN A RorATING Room 


Blocks of trials 


- ad 15 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 wo 
Do 133 19.8 19.8 20.3 19.2 19.6 18.3 19.4 18.8 19.9 20,8 19. 
LD 12.3 13.6 (15.4 16.1 163 164 16.0 17.9 162 169 171 184 
Diff. AIRS A2 E 23. 2:5 | 159 2,6. 30 $1, iA 


(Fig. 1, Table I). A trend analysis was performed for the two groups in- 
dependently combining the data in blocks of five one-minute trials.” The 
test for trend for the normals was not significant (p > 0.10), while the 
L-D Os exhibited a significant trend in the direction of an increase in the 
oculogravic illusion throughout the hour of testing (p < 0.01). Over the 
first block of five settings (Table I) the median test showed that the nor- 
mal group had a significantly greater illusion (p = 0.03), but over the 
ae ere eae OD AP ear 0.05) Quis avere 


"E. Kurnow, G. J. Glasser, and F, R. Ottman, Statistics for business decisions, 
1959, 111-116. 
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settings from 56-60 minutes the difference between the two groups was not 
significant (p = 0.37). Thus, although the normals showed a consis- 
tently larger mean oculogravic illusion throughout the hour of settings to 
the horizontal during constant rotation, at the end of the period the differ- 
ence was only 1.4? and not statistically significant. It should be noted that 
nonparametric analyses have been used here because the variance in per- 
formance was substantially greater for the L-D than for the normal group. 
This very large variance of the L-D group was a crucial factor in the fail- 
ure to find a statistically significant difference between the two groups dur- 
ing the final trials. 


DISCUSSION 


< The results of this experiment support the results of earlier experiments 
for normal Os in that a lag was present and also in that for frequent mea- 
surements following this initial period, there was no systematic change in 
the effect? The data showing a greater oculogravic illusion in normal than 
in L-D Os for short periods of observation have also been reported.!? On 
the other hand, the finding that, after prolonged exposure to a change in 
magnitude and direction of resultant force, the L-D Os closely approxi- 
mated the settings of the normals has not been found elsewhere in the 


literature. Consequently, this prolonged lag-effect requires special com- 
ment with regard to the possible sensory processes involved. 


It has been widely assumed that the otolithic organs play a crucial role in the 
perception of the postural vertical in normals, but the experimental evidence shows 
that although L-D Os make greater errors, the differences between their average 
settings and those of the normals Os are small, particularly after practice? This 
makes it clear that other gravitational receptors are involved in this task. It has also 
been shown that L-D Os are more affected by prolonged bodily tilt than are normals.” 
There is extensive evidence that the otoliths play a key role in the perception of the 
oculogravic illusion.” The L-D Os differ significantly from normals in both the static 
and the dynamic phases of the illusion for observations made over a period of 2-3 
min. The fact that the oculogravic illusion increases throughout 1 hr. of constant 
rotation for the L-D Os suggests that information from other sensory mechanisms 
becomes crucial in the perception of the visual horizontal. 1 E; 

In normals, the lag appears to be due to a gradual change in the relative weighting 


* Sidney Siegel, Nonparametric Statistics, 1956, 4-58. — 

* Clank ad Grabiel op. cit, 294-301; Ashton Graybiel, and R. H. Brown, The 
delay in visual reorientation following exposure to a change in direction of resultant 
force on a centrifuge, J. gen. Psychol., 45, 1951, 143-150. 

? Graybiel and Clark, op. cit, 1962, 1-28. ae 1 

11 Clark and Graybiel, Perception of the postural vertical in normals and subjects 
with labyrinthine defects, J. exp. Psychol., 65, 1963, 490-494. i 

2 Clark and Graybiel, Perception of the postural vertical following prolonged 
bodily tilt in normals and subjects with labyrinthine defects, Acta Oto-larying., 58, 
1965, 143-148. . 

? Graybiel and Clark, op. cit; 1962, 1-28. 
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of visual and vestibular information over time." It is suggested that in normals the 
information from the otoliths is inore heavily weighted than data from tactile and 
proprioceptive receptors. On the other hand, in L-D Os, the information from the 
tactile and proprioceptive receptors must predominate. It is further suggested that 
for L-D Os the rapid change followed by a gradual change in the oculogravic illusion 
may be associated with differential weighting of information from the highly com- 
plex sensory mechanisms involved in tactile and proprioceptive perception.” It has 
been shown that for both of these sensory processes there are individual fibers which 
adapt slowly and others which adapt rapidly. For example, Lowenstein has found that 
fibers from certain stretch mechanoreceptors in the skin of the frog “show no signs of 
adapting to zero over the period of 40 minutes of observation," whereas Gray and 
Matthews report that fibers from the Pacinian corpuscles in the cat's toe adapt in 
about 2 min." Thus, it would appear that immediately following a change in the 
direction and magnitude of the resultant force acting on an L-D O, there would be 


a relatively large amount of synergistic information from several tactile and proprio-_ 


ceptive receptors in support of a new spatial orientation and opposed to the visual 
information. This would be expected to produce an initial rather rapid change in 
orientation, but as the adaptative process progressed (e.g. in Pacinian corpuscles), 
information from the slowly adapting receptors would become more heavily weighted 
and, over time, would lead to an orientation to the resultant force similar to that 
of normals. It should be kept in mind that for Os with normal vestibular information 
available, the otolithic information receives the heavier weighting, and the lag 
effect is relatively short. Thus, it would appear that adaptative processes associated 
with differential weighting of sensory information over time will lead to the lag- 
effect in both normal and L-D Os but with different sensory processes involyed in 
the two groups. 


SUMMARY 

Five normal and nine labyrinthine defective men were studied in a slow 
rotation room which produced a change in resultant force of 20° on them. 
The men faced in the direction of rotation and at 1-min. intervals set a 
luminous line to the perceived horizontal in darkness for 1 hr. The results 
for the normal men confirmed an earlier study showing no systematic 
change in the perception of the visual horizontal after an initial lag. In 
contrast the labyrinthine defective (L-D) men showed a smaller, rapid, and 
then gradual change in the perception of the visual horizontal throughout 
the 1 hr. of constant rotation. At the end of that period there was no 
significant difference between the two groups. These results are discussed 
in terms of a differential weighting of the synergistic information available 
to the two groups. 


" Harry Helson, Adaptation-Level Theory, 1964, 89-94. 

" J. E. Rose and V. B. Mountcastle, Touch and kinesthesis, in J. Field, Handbook 
of physiology, Section 1: Neurophysiology, Vol. 1, 1959, 387-429. 

"W, R. Lowenstein, Excitation and change in adaptation by stretch mechano- 
receptors, J. Physiol., 133, 1956, 588-602, esp. 596. 

^J. A. B. Gray and P. B. C. Matthews, Responses of Pacinian corpuscles in the 
cat's toe, J. Phystol., 113, 1951, 475-482, 
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FACILITATION OF MEMORY BY EXPERIENTIAL 
RESTRICTION AFTER LEARNING 


By ROBERT J. Grissom, Princeton University 


The classic studies showing that retention was aided by sleep were sig- 
nificant in detracting from the theory of disuse to explain the losses in 
long-term memory, thereby leading psychology to search for other mech- 
anisms in forgetting.t These early studies did not completely dispel the 
conception of disuse, however, inasmuch as some forgetting occurred 

“during sleep. Undoubtedly, much of the decrement in any study of reten- 
tion is attributable to proactive interference from the lists learned earlier 
before the test material. 

The decrement in retention in the sleeping condition may also be due 
in part to the difficulty in insuring that sleep follows immediately upon 
learning and that the retention-test immediately follows sleep. Some min- 
utes after learning were spent in leaving the learning station, preparing 
for sleep, and in being roused from sleep and returned to the learning sta- 
tion for the retention-test. Events that produce retroactive interference are 
possible during the period between learning and sleeping, and the return to 
the learning station after interrupted (and sometimes brief) sleep may fail 
to reinstate the set of the S and the full response to the original context. 

Some of the procedural difficulties using sleep may be eliminated by 
substituting a condition of minimal activity which extends without inter- 
ruption from the time of learning to the moment of the retention-test. It 
was hypothesized that such a period of quiescence would facilitate retention 
by affording little opportunity for the formation of competing responses. 


Method. The hypothesis was tested by means of environmental restriction of the 
Ss by confining them to soundproof and datk chambers. Confinement was the inter- 


* Received for publication August 20, 1965. ‘This research was supported in part 
by the US. Army Office of the Surgeon General (contract DA - 49 - 007 r MO - 
671, principal investigator Dr. Jack Vernon), the National Science Foundation 
(contract G-21762, principal investigator Dr. Jack Vernon), and the National 
Institutes of Health (pre-doctoral fellowship MPM-16,010). The author is now 
at San Francisco State College. " E 1 g 

1J. G. Jenkins and K. M. Dallenbach, Obliviscence during sleep and waking, this 
JouRNAL, 35, 1924, 605-612; E. B. van Ormer, Retention after intervals o sleep 
and of waking, Arch. Psychol., 21, 1932, (No. 137) 5-49; Hiroshi Minami and 
K. M. Dallenbach, The effect of activity upon learning and retention in the cock- 
roach, this JourNAL, 59, 1946, 1-58. 
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vening condition during the intervals of retention. The chambers have been de- 
scribed elsewhere" 

Subjects. Eighty men, paid volunteers who contracted to serve "from 8-24 hr. in 
isolated confinement," were drawn from the area of Princeton University. They 
were randomly divided into groups of 10 which underwent 8, 16, 20, or 24 hr. of 
complete isolation, Ze. in which their activities were controlled and restricted, "To 
insure that they were alert at the time of learning, they were instructed to sleep for 
normal periods prior to the day spent in isolation. 

Procedure. The Ss were isolated individually and were restricted to a bed in one 
of the chambers. They were subjected to ao encumbrances other than a urinal belt 
and tube and were told to remain quietly in bed throughout the period of isolation; 
Sitting up, exercising, and vocalizing were expressly forbidden, but occasional turn- 
ing and rolling to maintain comfort were permitted. The Ss were further informed 
that they would be monitored through a microphone in the chamber for violations 
of these restrictions and that Ss violating them would be dismissed from the ex: 
periments without reimbursement. Liquid food, water, and the urinal jar were 
accessible by merely turning to one side of the bed. An emergency, chemical com- 
mode was at the foot of the bed. Throughout isolation the chamber was dark and 
silent. The Ss were presented with no tests or communications other than those 
reported here, They were free to sleep at will. 

This study was mainly concerned with the over-all differences in retention between 
the restricted and the control groups of Ss, Retention as a function of time was of 
little interest to us, The time of day the experiments were conducted was, therefore, 
the same for the different Broups. Thus, all the Ss, restricted and control in a given 
condition, learned at the same time of day and were tested for retention at the 
Same time of day, Such procedure also makes it more likely that ad lib sleep will 
not vary much between restricted and control groups. To avoid learning or testing 
at late night or early morning hours, all the Ss in the 8-hr. groups began their 
isolation at approximately 9:00 A.M. All other Ss began isolation at approximately 
5:00 P.M. 

After 1 min. of confinement the first of S's taped instructions was played through 
& speaker within the chamber. He was told to listen carefully to a passage which 
was to be played to him and then immediately thereafter to try to repeat the passage 
verbatim (immediate recall test). The passage, 182 words long, was adapted from 
Tolstoy's War and Peace. The S's recall was tape recorded. 

Upon completion of the immediate recalltest, control Ss were released from 
the chamber, told to go about their daily affairs, and asked to return to the labora- 
tory for some "further work" in 8, 16, 20 or 24 hr. (depending on their random. 
assignment of tetention-interval). These control Ss were given no further informa- 
tion. After the immediate recall-test, the experimental Ss were left undisturbed in 
the chamber for the same periods of 8 to 24 hr. < 

Upon termination of the Tetention-petiod and before release from the chamber 
and its restrictions, confined $s were again asked to try to repeat the passage verbatim. 
Control $s were returned to Confinement and the restrictions of the chamber for the 
purpose of this termina] recall. 


__ Peter Suedfeld, R. J. Grissom, and Jack Vernon, The effects of sensory depriva- 
tion and social isolation on the performance of an unstructured cognitive task, this 
JOURNAL, 77, 1964, 112 f. 
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After the terminal test, each $ was questioned as to the extent of his thoughts 
about the passage during the interval and as to his anticipation of the terminal 
test. To counter any reservations an S might have had about admitting to having 
practiced the material or having expected a retest, such reports were earnestly 
solicited and encouraged. E told S that anticipation of a retest and practice were 
common and expected in such experiments and that his interest was in determining 
the degree of such reflections for each S. In an attempt to assess the role of re- 
hearsal with care, a cautious criterion for classifying an S as a rehearser was adopted. 
Any S who indicated that he had thought about the passage, even if only once, 
fleetingly, or had considered a retest as a,possibility was classified as a rehearser. 

Responses were scored for the number of words from the passage which were 
correctly reproduced, irrespective of correspondence of sequence, each word being 
valued as one point. This scoring method was adapted from that of King, who 
found it to correlate highly with counts of retained ideas, scaled scores based on 
judges rankings, and with other measures of retention? Identification of each S's 


"taped recall as to treatment-group was unknown to E during scoring. The difference 


between immediate recall and terminal recall (T: — Ts) was computed for each $ 
as the measure of forgetting. 

Results and. discussion. A two-way analysis of variance revealed signifi- 
cantly superior retention in experientially restricted as compared with the 
control groups (p < 0.05). The difference between mean immediate recall 
scores of pooled experimental and pooled control groups was not signifi- 
cant, The difference between mean loss in the experimental and control 
groups was in the predicted direction for each retention-interval, as can be 
seen in Fig. 1, but was significant in a Hest only at 24 hr. (p < 0.02, two- 
tailed).* Moreover, the only group to have declined significantly in reten- 
tion from the immediate to the terminal recall test was the 24-hr control 
group (p < 0.01 ina two-tailed /-test for correlated samples). The differ- 
ence in immediate recall scores of the 24-hr. groups was not significant. 


Consideration of retention as a function of interval in this study is not wholly 


legitimate because neither learning nor testing times were equated for the various 
intervals, for reasons already stated. Furthermore, ad lib sleep was more likely in 
the 16-, 20-, and 24-hr. intervals since the isolation began at approximately 5:00 P.M. 

Objections notwithstanding, the manifest divergence of the lines in Fig. 1 compel 
consideration of the trends, which proved to be insignificantly different as indicated 
by a lack of interaction between variables in the analysis of variance. Thus, the 
apparent reminiscence effect in Fig. 1 was not real. This result was confirmed by a 
test of slope, which revealed that the slope of the trend for the experimental groups 
departed ‘insignificantly from zero.” In short, relative to variability the divergence 


of the trend lines is small. The SDs in the 8-, 16, 20-, and 24-hr. groups were 


*D. J. King, On the accuracy of written recall; A scaling and factor analytic 


study, Psychol. Rec., 10, 1960, 113-122. ; s 
“Results from the 24-hr. groups have been presented in a brief report, R. i, 
Grissom, Peter Suedfeld, and Jack Vernon, Memory for verbal material: Effects ol 
sensory deprivation, Science, 138, 1962, (No. 3538), 429-430. 

*Don Lewis, Quantitative Methods in Psychology, 1960, 122 ff., 395 ft. 
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7.9, 7.5, 5.1, and 6.5; and 10.3, 12.5, 10.8, and 7.3 for the experimental and control 
groups, respectively. Variances were not significantly heterogeneous. 

The slight extent of forgetting obtained overall in this experiment and the 
small differences in forgetting by the control and experimental groups were not sur- 
prising inasmuch as the study compared experimental groups, which were predicted 
to yield high retention, with control groups, which could not have been expected to 
undergo much forgetting. Furthermore, although comparison between experimental 
and control groups is proper, no determination can be made of absolute loss in 
retention because the level immediately after T; is not known. It is quite possible 
that retention on Ts profits from contextual cues gained from T;, especially if there 
is facilitating rehearsal. 

As to rehearsal, no $ reported to have done more than to think of the passage 
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Fic. 1. EFFECT OF INTERVENING AcriVITY ON RETENTION 


occasionally and few had expected a retest. By the strict criteria already described, 
however, 2895 of the control and 25% of the experimental Ss were classified as 
tehearsers, frequencies which differed insignificantly in a Chi-squared test. This 
finding of no greater tehearsal in the experimental than in the control groups is 
consistent with the frequent observation in the Princeton Sensory Deprivation Labora- 
tory and elsewhere that restricted Ss report difficulty in sustaining thought on any 
topic. Furthermore, it is likely that the use of an immediate recall test minimized 
rehearsal by leading many Ss to believe that they would not encounter the originally 
learned passage again. Many of the Ss who reported that they had not expected a 
terminal test said that after immediate recall they had expected to be tested later 
on new tasks. 

The mean loss of the experimental Ss who were classified as rehearsers was + 2.63 
and that of the experimental Ss who were not so classified was —2.87. The differ- 
ence in scores between tehearsing and non-rehearsing experimental Ss falls just short 


*G. E. Ruff, E. Z. Levy, and V. H, Thaler, Factors influencing the reaction to 
reduced sensory input, in P. Solomon, P. E. Kubzansky, P. H. Leiderman, J. H. 
Mendelson, R. T2umbull, and D. Wexler (eds.), Sensory Deprivation, 1961, 72-90. 
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of significance at the p < 0.05 level in a two-tailed ¢-test, whereas the difference 
in loss scores between rehearsing and non-rehearsing control Ss did not approach 
significance. The significance of the difference in scores of the experimental and 
control groups at 24 hr. is maintained, however, when the datum from the one 
experimental $ who was classified as a rehearser in these groups is excluded from 
the test (p < 0.05, two-tailed). Finally, it should be noted that the reasonable 
assumption that rehearsal generally facilitates retention does not have firm empirical 
support from other studies, although the problem of rehearsal would seem to be 
especially critical with contextual material scored by a word-count." 

There is the possibility that retention, may be depressed by stress induced by 
experiential restriction, and certainly ‘sensory deprivation’ and its variants are 
frequently associated with stress, hallucinations, and psychotic states. Nonetheless, 
confined Ss in the present study volunteered no reports of hallucinations, observed 
that the period of isolation seemed to terminate very quickly, and rarely reported 
having had any more stressful experiences than occasional minor physical discom- 


forts. "This apparent innocuousness of experiential restriction, and the low 7% 


attrition-rate of experimental Ss, is consistent with past observations at the Princeton 
Laboratory that when E plays a reassuring, informative, and supportive role prior 
to isolation, experiential restriction is not stressful. 

The retention-data in this study are in obvious accord with the interference- 
theory, but do not decisively disprove the notion of spontaneous decay in that there 
may have been loss during the period between Ti and T. As has already been 
noted, recall might have been greatest immediately following Ti due to arousal of 
contexual cues by that test. 

It is not possible to identify more closely just what aspect of experiential re- 
striction is responsible for aiding retention, but the results of this experiment may 
be related to the similar effect of intervening darkness in animal studies.” 


SUMMARY 


It was predicted that a period of quiescence interpolated between learn- 
ing and a retention test would facilitate memory. 

Ss who were confined to a bed within a soundproof and dark chamber 
for varying intervals after hearing a prose passage retained the material 
significantly better than did control Ss, who went about their daily affairs 
during the retention intervals. The differences were not readily attributable 
to rehearsal, so that .an interpretation in terms of interference is favored. 
It is argued, however, that decay as a process influencing retention cannot 
be ruled out by the results. 

The treatment of the experimental and control Ss differed in no other 
respect than in experience during the retention interval. Steps taken to 


avoid stressing the restricted Ss were successful. 


*B. J. Underwood and Geoffrey Keppel, An evaluation of two problems of 
method’ in the study of retention, this JOURNAL, 75, 1962, 1-17. 

$ Ruff et al., 72-90. i 

°R. B. Malmo, Interference factors in delayed response in monkeys after removal 
of frontal lobes, J. Neurophysiol., 5, 1942, 295-308; Robert Thompson, Retroactive 
effect of interpolated visual stimulation, Psychol. Rep., 3, 1957, 183-188. 


DIFFERENTIAL EFFECTS OF CENTRAL AND LATERAL 
FIXATION ON AFTER-EFFECTS OF EXPANSION 
AND CONTRACTION 


By HERMAN H. Spirz, Bordentown, New Jersey 


If one fixates a rotating, contracting, Archimedes spiral, an apparent 
movement in the opposite direction—an after-effect of expansion—will 
be observed when the spiral is stopped. Similarly, when a rotating, ex- E 
panding, Archimedes spiral is stopped, an after-effect of contraction will 
occur. There is ample evidence that the after-effect of expansion of a cen- 
trally fixated rotating spiral is stronger than the after-effect of contrac 
tion. Explanations for these differences include the suggestion that thst 
expanding inspection-spiral dissipates some of its neural effects in the — 
surrounding field, resulting in a contractive after-effect of less than full | 
strength. On the other hand, with the contracting inspection-spiral there 
is no place for these effects to dissipate, and the after-effects of expansion 
is full-blown.? In fact, there may even be an added effect of “rebound,” 

Recent findings with a spinning fragmented circle, however, appear to 
make the above explanation inadequate. When the fragmented circle is 
used as an inspection-figure there is no movement of lines across the 
entire disk to its edge or center and yet, with an appropriate stationary 
test-figure, after-effects of expansion are obtained but after-effects of con- 
traction are not.* 

Another proposal to account for the difference between after-effects of 
expansion and contraction has recently been introduced.‘ This proposal is 
based on the permanent adaptation of small contractive after-effects pos- 
ited to occur in our normal environment. When we move toward a spe- 
cific point in our environment, there is a radial expansion of the visual 
field surrounding this point. When we stop, there is a small, perhaps 


* Received for publication 
rai and Research Center. 
Paul Bakan and Kiyoe Mizusawa, Effect of insepection time and direction of 
fotation on a generalized form of the spiral aftere ect, J. exp. Psych., 65, 1963, 
583-586; G. A. Pinckney, Reliability of duration as a measure of the spiral aftereffect, 
18, 1964, 375-376; W. C. Roehrig and Jacques Rutschmann, 
Procedural considerations of the Spiral aftereffect test, ibid., 17, 1963, 551-5573 
H. H. Spitz and R. S. Lipman, Some parameters in the perception of the spiral after- 
effect, ibid., 9, 1959, 81. " 
*C. G. Costello, Massed Practice and spiral after-effect, Percept. mot. Skills, 
12, 1961, 11-14; H. H. Spitz, Neural satiation in the spiral aftereffect and similar 
movements aftereffects, ibid., 8, 1958, 207-213. E 
4 ? Spitz, Expansion aftereffects Without perceived contraction of the inspec- — 
tion-higure, this JOURNAL, 78, 1965, 582-588. : 
* Spitz, op. ci, 587. 
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subliminal, after-effect of contraction, much as an expanding inspection- 
figure becoming its own stationary test-figure. Since we have moved for- 
ward, or been moved forward, frequently since birth, there have been 
many opportunities for such a process to have occurred. 

Conversely, we move backward infrequently, and when we do we 
rarely fixate on any single point from which we recede. Therefore, there 
has been much less radial contraction of the visual field in our natural 
environment, and the occurrence of small after-effects of expansion should 
have been extremely rare. 

If one grants the possible existence of long-term, permanent adapta- 
tion of after-effects of movement, similar to short-term, temporary adapta- 
tion reported by some investigators," then it follows that we would have 


-Duilt up relatively more adaptation to after-effects of contraction than to 


expansion, and that this greater adaptation will have raised the threshold 
of the after-effects of contraction. Consequently, after-effects of expansion 
should be, and are, stronger than after-effects of contraction when fixa- 
tion is at the center of the spiral. On the other hand, and this is the 
major prediction stemming from the adaptation-hypothesis, after-effects 
should not differ when fixation is lateral to the spiral. With lateral fixa- 
tion, the spiral is projected onto a cortical area asynchronous with the fre- 
quent radial motion occurring from birth. To test this deduction, the 
following experiment was performed. 


EXPERIMENT 


Subjects. The Ss were 86 women students who volunteered to serve in the ex- 
periment. Their average age was 19.18 + 0.4 yr! In addition to these Ss, 19 served 
in the experiment but were dropped because they misunderstood the instructions 
and signaled when the objective movement was interrupted (see Results), 

Apparatus. An 8in. glazed print of an Archimedes spiral, made up of 314 turns 
of a 0.5-in. wide black line on a white field, was prepared and glued to an 8-in. 
cardboard disk. This was mounted on a shaft which, at a point 8.44 in, above the 
table top, projected through the horizontal center of a 48-in. wide by 24.25-in. high, 
Bray background. The tivo lateral fixation-points were round, metal disks, 0.56 in. 
in diameter, the center of each of which was placed 0.44 in. to the right or left 
of the rim of the spiral, on a level with its center. These metal disks were held 
by smaller cylinder magnets which protruded slightly from the screen. One side 
of each metal disk was painted the same gray as the background; the other side 
was an unpainted metallic white. When not used as a fixation-point, either or both 
disks could be turned to the painted side to avoid distracting Ss. 


5 Costello, op. cit, 12; H. J. Eysenck and S. B. G. Eysenck, Reminiscence on 
the spiral did ‘effect as a function of length of rest and number of present trials, 


Percept mot, Skills, 10, 1960, 93-94. d 
“The author dr grateful to Marshall P. Smith, Chairman of the Psycholo; 


Department at Trenton State College, for securing subjects and proyiding space for 
this experiment. 
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The major source of light was a 150-w. flood-light set 6 ft. above the floor and 
slightly to the right and rear of the seated S. As measured from S's eye-level, the 
spiral reflected about 25 ft.-L. of light. 

Procedure. S sat 6 ft. from the spiral which was rotated at 100 r.p.m,, clock- 
wise for after-effects of contraction and counerclockwise for after-effects of expan- 
sion. The rate of which the spiral approached a stop, and stopped, was the same 
in both directions. After having been given a brief explanation of a movement 
after-effect, and told that E was interested in how long the after-effect lasted, $ was 
given a button to hold in her lap and told to continue to fixate the fixation-point 
until the after-effect stopped, at which.point she was to press the button. The 
fixation-point was either the small black bolt-head in the center of the spiral or one 
of the two lateral disks. 

Duration of the objective rotation was controlled by a timer which, after 45 sec., 
automatically stopped the spiral and activated a 0.001-min. timer. A press on the 


TABLE I D e 
CONDITION AND ORDER OF PRESENTATION FOR THE ORIGINAL SIX GROUPS 
N Group Fixation Trial 1 Trial 2 
10 1 Left of spiral Expansion A-E Contraction A-E 
10 2 Left of spiral Contraction A-E Expansion A-E 
10 3 Right of spiral Expansion A-E Contraction A-E 
10 4 Right of spiral Contraction A-E Expansion A~E 
23 5 Center of spiral Expansion A-E Contraction A-E 
23 6 Center of spiral Contraction A-E Expansion A-E 


DT held by $ stopped the 0.001-min. timer, registering the duration of the after- 
effect. 

The $s were randomly placed into one of the six groups shown in Table I. No 
practice trial was given. Each $ served for two trials only, half the Ss receiving the 
expansive after-effect first and the contractive after-effect second, half receiving 
these conditions in reverse order. There was an 80-sec. rest from the end of the 
after-effect on Trial 1 to the start of the spiral for Trial 2. During most of this 
80-sec. rest-period the spiral was covered with white cardboard. 


Results, A number of Ss (19) pressed the button almost immediately | 
after the spiral stopped spinning. Most of these Ss remarked, or admitted - 
when questioned, that the after-effect continued to occur after they had 
responded. Since the Ss were not given any Practice trial, some attrition 
was to be expected. Therefore, it was arbitrarily decided to exclude all Ss 
who responded within 2 sec. after the spiral stopped, or who remarked 
that the after-effect continued after they pressed the button, and 19 Ss 
were dropped for this reason. 

Since no significant differences were found between fixation to the left 
(Groups 1 and 2) and fixation to the right (Groups 3 and 4), for the 
statistical analysis Groups 1 and 3 were combined into a single Lateral, 
Expansion First Group, and Groups 2 and 4 into a single Lateral, Con- 
traction First Group. s 

A Lindquist Type III analysis of variance was performed on the data. 
Significant main effects and interactions were: Fixation (centrally fixated 
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after-effects persist longer than laterally fixated after-effects) F='6.75; 
P < 0.02; Trials (Trial 1 after-effects persist longer than Trial 2 after- 
effects) F = 32.50, P < 0.001; After-effects (expansion after-effects per- 


AFTER-EFFECT (SEC) 


as 


MEAN 


20) 
] 
9 CENTRAL 
E 
T - 
m 
hm 
! & 10 
d 
= Expansion 
ofter-eflect 
men 
< Controction 
m ofter-effect 
z 
0 


COMBINED DATA 


Fic, 1, DURATION OF THE SPIRAL AFTER-EFFECT DURING 
LATERAL AND CENTRAL FIXATION 
Reading from Table I, in the upper left portion of this 
figure, Groups 1 and 3 (expansion after-eftect first) have 
been combined; and Groups 2 and 4 (contraction after- 
effect first) have been combined. In the lower portion, the 
lateral condition combines Groups 1 through 4, and the 
Central condition combines Groups 5 and 6. 


sist longer than contraction after-effects) F = 7.00, P< 0.01; and the 
After-effects by Fixation interaction (expansion after-effects persist longer 
than contraction after-effects during central but not during lateral fixa- 
tion) F = 8,00, P < 0.01, These results are shown graphically in Fig. 1. 

The between Ss error term was more than four times larger than the 
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within $s error term, indicating rather large individual differences, while 
intra-individual scores are fairly stable. In fact, the intercorrelation of each 
individual's score on the first and second trials, regardless of which after- 
effect was given first, was 0.56 for central fixation and 0.73 for lateral 
fixation, both highly significant (P « 0.001). These results suggest that in 
studying the parameters of the spiral after-effect it is advisable to have 


each S serve as his own control. 
LJ 


DISCUSSION 


The most relevant result is the significant After-effects by Fixation- 
interaction. On the basis of previous results, the longer persistence of the ^ 
after-effects of expansion over contraction under central fixation was to TM 
expected, but that this difference does not hold under lateral fixation is 
a novel finding predicted from, and consistent with, the adaptation- 
hypothesis. 

Supplementary findings are consistent with results recently reported by 
other investigators. A shortened duration of the after-effect following a 
spiral of opposite effect had been reported by Rochrig and Rutschmann.” 
The finding that a centrally fixated spiral, no matter what its direction of 
spin, will induce more persistent after-effects than will a laterally fixated 
spiral, is not inconsistent with previous reports. One might argue that 
this latter result is contrary to the adaptation-hypothesis, since adaptation 
should reduce all movement after-effects during central as compared to 
lateral fixation. Differing concentrations of rods and cones, and of nerve 
fibers, may however, account for this result? Thus, the gross process by 
which the after-effects of expansion and contraction are reduced under 
lateral as compared with central fixation may result from the anatomical 
structure of the visual system. The more subtle difference between the 
after-effects of expansion and contraction under lateral as compared with 
central fixation may be attributed to adaptation. 


SUMMARY 


After-effects of expansion of a centrally fixated spinning spiral are 
known to persist longer than after-effects of contraction. It was hypoth- 
esized that this difference results from adaptation to the frequent natural 
occurrence of small, perhaps subliminal, after-effects of contraction. The 
finding that the after-effects of expansion and contraction do not differ 
under lateral fixation is congruent with this hypothesis. 


7 Roehrig and Rutschmann, op. cit, 554. ^ 

*S, X Freud;* Duration of spiral after-effect as a function of retinal size, retinal — 
place, and hemiretinal transfer, Percept, mat, Skills, 18, 1964, 47-53. 

° Freud, op. cit., 52. F 


SUPPRESSION IN BINOCULAR VISION 


By James RoLAND Lay, Duke University, and 
Herpert F. Crovitz, VA Hospital, Durham, North Carolina 


Three facts of stereoscopic viewing have been known for a long time: 
(1) When a figure is presented to one eye and a homogeneous ground to 
“the other, the figure will be seen most of the time? (2) When two fig- 
ures which differ in direction or color are separately presented to the two 
eyes, the figures alternate in their visibility." (3) When a figure prevails 
over a homogeneous ground or another figure, it carries some of its back- 
ground into the binocular percept.* Recently, Hochberg has called atten- 
tion to the suppressive potential of this accompanying background and 
referred to it as a “contralateral suppressive field.”* Kaufman has mea- 
sured the extent of this suppressive zone and found that it is greater in 
the horizontal than the vertical direction, arguing that this difference 
stems from an added wake of suppression caused by the apparent movement 
of the contours over each other during vergence eye-movements.® 
The present study was designed to answer two further questions. First, 
is the prevalence of suppressive zones diminished in stereograms that give 
common contours that can be superposed? Secondly, is the prevalence of 
suppressive zones diminished in stereograms which have identical super- 
posed contours as compared to disparate superposed contours? 


Fig. 1 shows the four stereograms used in this study. In each case the perceived 
figure is a cross. In Stereogram 1 there is a single black vertical bar to the left eye 
and a single black horizontal bar to the right eye: the two eyes do not have a com- 


—— 


Md Received for publication April 18, 1966. 4 
Herman Helmholtz, Handbuch der physiologischen Optik, trans. J. P. C. South- 
a 3, 1925, 496; B. B. Breese, On inhibition, Psychol. Monogr, 3, 1899, (No. 
, 1-66. 
c PD Wheatstone, Lond. R. Soc. Philos. Trans., 371, 1838; Helmholtz, op. 
eit, 494, 
?P. L. Panum, Physiologische Untersuchunger uber das Sehen mit zwei Augen, 
Kiel, 1858, as cited by G. Roenne, Acta Ophthal., 34, 1965, 1 ff. f 
Julian Hochberg, The suppression and imitation of binocular stereopsis, paper 
er at the Fifth Annual Scientific Meeting of the Psychonomic Society, October, 
64. 
Lloyd Kaufman, On the spread of suppression and binocular rivaly, Vision 
Res., 3, 1963, 401-415. E 
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mon superposable contour. In Stereogram 2 the eyes are given a common super. - 
posable black vertical bar. Stereograms 3 and 4 similarly have a common super- 
posable vertical bar, but now the bars are disparate with regard to color, Suppres- 
sion-time when the vertical bars are identical can be compared to suppression-time 
when they are disparate. Further, color coding in Stereograms 3 and 4 permits a 
study of suppressions in the vertical bars in relation to suppressions in the hori- 
zontal bar. 


E AA 773: RED E = GREEN 


Left Right 
Eye Eye 
d Fig, 1, SreREOGRAMS Usgp IN THIS STUDY 


All bats were 3.2 mm. by 25.4 mm, and were shown on a white background. The 
viewing apparatus was an Abrams desk stereoscope which gives magnification of 
about X 15 at the viewing distance of 14 cm. The Ss viewed the stereograms in 
Consecutive periods of 30-sec. duration and were instructed to press a key when: — 
ever any part of the black horizontal bar disappeared, releasing it only when the — 
black fully returned. The key was connected to a Standard electric timer which — 
automatically added the seconds of suppression. For each of the chromatic stereo- | 
Brams (3 and 4) two separate viewing periods were given. S pressed the key in one — 
30-sec. period only when the vertical bar was seen as green; and in the other only 
When the vertical þar was seen as red (and concomitantly there was disappearance 
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of the horizontal bar). This resulted in a total of six viewing periods; the order of 
periods was separately randomized for each $. There were 16 Ss; 14 of them un- 
dergraduates without previous experience in experiments on binocular vision. 


Results. Table I shows the means and standard deviations for the num- 
ber of seconds there were disappearances in the black horizontal bar in the 
six conditions. For Stereograms 3 and 4, the "a" conditions refer to 
disappearances when the color of the left-eye vertical bar is seen, and the 
“b” conditions refer to disappearances when the color of the right-eye 
vertical bar is seen. 

Suppression-times varied to a highly significant degree over the six 
conditions (F = 31.43, df = 5, 75; p < 0.001). Stereogram 1 had the 
highest suppression-time and differed significantly from all other condi- 
tions. The "b" conditions for Stereograms 3 and 4 had the lowest sup- 


TABLE I 
Means AND SD or SUPPRESSED TIME IN THE Six CONDITIONS 
Conditions 
81 2 3a 3b 4a 4b 
Mean 18.24 12.38 9.25 1.44 9,88 1,88 
SD 7.66 5.23 3.75 1.77 5.92 2.17 


pression-times and were the lowest for every $. There was no significant 
difference among Conditions 2, 3a, and 4a (F = 2.19, df = 2, 30). 
Discussion. 'The fact that there was significantly more suppression in 
Stereogram 1 than in any stereogram with superposable vertical bars 
might be traced to more convergence-slippage in viewing Stereogram 1, 
consistent with Kaufman's claim that the spread of suppression is greater 
When there is phenomenal movement of one contour over another. 
Breese long ago argued that such movement is one of the factors con- 
trolling visual suppression.” This factor might be maximally involved in 
Stereogram 1 where there is no common contour available for the align- 
ment of the optic axes. In the other stercograms, the suppression of one 
of the vertical contours could allow some slippage of convergence, but 
doubleness of the vertical bars consequent to it would reéstablish align- 
ment to rid the perceived field of noticeable doubleness.? Informal obser- 


‘Kaufman, ibid., 401-415. 
, Breese, Binocular rivalry, Psychol. Rev., 16, 1909, 410-415. 3 À 
Such slippage may account i the occasional disappearances associated with the 

color of the right-eye vertical bar in Conditions 3b and 4b. An alternative is that 
these reports were due to error in discriminating the rivalrous colors or in key 
Presses prompted by color changes. 

"IG ES Walls, Enc ever binocular?, Optic. J. & Rev. Optoms 1948, 85, 33- 
46; Hochberg, op. cit.; Kaufman, op. cit. 
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vation, however, shows that when Stereogram 1 and Stereogram 2 are 
surrounded by frames so that convergence-slippage appears equal and | 
minimal, there is still more suppression in Stereogram 1 than Stereo- À 
gram 2. Clearly, superposed contours reduce suppression; whether or not j 
differences in convergence and slippage is the correct explanation of this 
fact must await a study of sensitive recording of vergent eye-movements. 
A second finding of the present investigation is that suppression-time 
was not different among Conditions 2, 3a, and 4a. One possible interpre- 
tation of this result is that the identical mechanisms are at work in each | 
of these cases. In Stereograms 3 and 4 the color coding made it obvious 
that disappearances in the horizontal bar are strongly linked to appear- | 
ences of the left-eye vertical bar, In Stereogram 2, where two identical — | 
vertical bars are superposed, matters are different. There is no visual 
warrant for saying that the left cye vertical bar is seen and is responsible 
for the disappearances in the right-eye vertical bar and in the right-eye 
horizontal bar. But when it is remembered that each bar is surrounded by 
à suppressive zone which is part of its background, these relationships 
fall into place. Seeing disappearances in the horizontal bar is actually 
seeing the surround of the left-eye vertical bar; and seeing the right-eye 
horizontal bar entirely black is seeing the surround of the right-eye verti- 
cal bar, Moreover, when a particular surround is seen, the figure encom- 
passed by it must be seen also; otherwise a surround would be seen with- 
out its figure. It seems, then, that suppressions in the horizontal bar en- 
tail visibility of the left vertical bar and concommitant suppression of the g 
right vertical bar, This supports the interpretation that the mechanisms at — 
work in Stereograms 3 and 4 operate also in Stereogram 2.29 
Immediately involved in such an implication are "Suppression-Theor- 
ies” of binocular vision, These theories have a long history and are again 
receiving careful attention.” As the claim may be put, the two eyes do not 
see any part of the visual field at the same place at the same time. The diffi- 
culty in showing that this is so (or not so) involves principally the fact that, 
given the superposition of identical figures, the suppression of either one or 
of neither yields the same percept. j 
One possible way of reducing this difficulty is suggested by the inter- 
action between the stimulus-materials of this study and the idea that 


? The Same mechanisms are at work in Stereogram 1 also, The visible left-eye 
bar is responsible for disappearances in the right-eye horizontal bar and for sup- 
Pressions of the background projected to the same place by the right eye. 

Hochberg, op. ci; Harry Asher, The Seeing Eye, 1961, 216; F. H. Vi A 
Panum's areas and some other prevailing misconceptions” concerning binocular 
vision, Amer, obtb, Soc, 57, 1959, 37. 
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visible contours are accompanied by suppressive zones. Thinking about 
a figure as dressed in a suppressive cloak of its background increases the 
saliency of such easily ignored observations as these: (1) Most often, 
existing suppressions are not detected because backgrounds are not dis- 
criminably different. This is true even in rivalry-studies when, say, a 
green bar and a red bar, both with white backgrounds, are superposed by 
stereoscopic viewing. The rivalry is seen to take place only in the bars. 
The present study, however, strongly suggests that the white surrounding 
the bar when it is red is not the same white which surrounds it when it 
is green; (2) Rivalrous contours, because of differences in their back- 
grounds, serve the function of making suppression noticeable, The im- 
portance of this way of viewing the matter for a suppressive theory of 
binocular vision is the resulting accessibility of a technique for detecting 
suppression in those parts of the visual field where the two cyes have 
identical stimuli: whenever a rivalrous monocular contour is placed ad- 
jacent to superposed identical figures, and is intruded upon by the con- 
tralateral background, it may be taken as an indication that the figure 
Which carries its background has suppressed the other figure, totally or 
partially. 

The results of this experiment do not, of course, establish any sup- 
pressive theory of binocular vision. Indeed, it still seems impossible to test 
such theories by direct observation? The method outlined here moves in 
the direction of the next best alternative—providing a demonstration in 
which the length of the inference-chain is minimal. The question is 
whether this method can further clarify the role of suppression in 
binocular vision. 

SUMMARY 

Ss viewed Helmholz’s crossed-bar stereogram and monocular-binocular 
variants of it, Duration of suppression in the horizontal bar was mea- 
sured in 30-sec, observational periods, Suppression-time was significantly 
reduced when a binocular superposable contour was available and it was 
not significantly changed when the superposable contours differed in 
color as compared to when they were identical in color—so long as the 
color seen was the color of the superposable vertical bar in the half-view 
not containing the horizontal bar. When that vertical bar was suppressed, 
little suppression of the horizontal bar occurred, The results imply a 
method for detecting suppression in those parts of the visual field con- 
taining identical contours. 


? Walls, op. cit, 40. . 


THE INFLUENCE OF STIMULUS-MODALITY AND DURATION 
ON CHANGES IN TEMPORAL JUDGMENTS OVER TRIALS 


By JoEL S. Warm and EMERSON FOULKE, University of Louisville, 
and MICHEL LoEB, US Arm; Medical Research Laboratory 


Several investigations of time-estimation have reported that judgments 
given to a constant interval tend to grow longer over a series of trials. 
"This effect of repetition has been termed the "serial position-gradient.2 
To date, little effort has been made to establish the dependence of this ~~ 
effect on the duration of the stimuli estimated or the sensory modality in 
which they are presented.? Accordingly, the present study was undertaken 
to assess the effects of stimulus-modality and duration on the tendency 
for temporal estimates to grow longer with repetition. 


Method: (1) Subjects. One hundred twenty students, 57 men and 63 women, 
Served as Os. All were naive as to the nature of the study. 

(2) The production method, The method of production was used to obtain tem- 
poral judgments. As described by Bindra and Waksberg, this technique requires 
O to delimit an interval of time specified by E.‘ In the present study, O marked 
off the time by pressing and releasing a key. It should be noted that this procedure — 
necessarily provided O with tactual kinesthetic stimulation during each response, 

(3) Experimental design. O was asked to produce four intervals, viz., 0.5, 3.0, 


* Received for publication November 29, 1965. The authors are indebted to 
Miss Claudia Monroe and Mr. Kent TeVault for technical assistance. This research 
was facilitated by a contract from the Office of The Surgeon General, US Army, 
and by a grant from NASA. 

`R. K. S. DeWolfe and C. P. Duncan, Time estimation as a function of level of 
behavior of successive tasks, J. exp. Psychol., 58, 1959, 153-158; M. E. Eason and 
J. S. Kafka, Diagnostic implications of a study in time perception, J. gen. PIR 5 
46, 1952, 169-183; J. R. Kleiser, The effect of habit formation, mental activity am 
Bross muscle movements on the reproduction of time. Unpublished Doctoral dis- 
Sertation, University of Pennsylvania, 1953; Ellen Robinson, The effect of degree 
of knowledge of results on time estimation, Psychol. Rec, 13, 1963, 355-360; 
J. S: Warm, J. R. Mortis, and J. K. Kew, Temporal judgment as a function of 
nosological classification and experimenta] method, J. Psychol, 55, 1963, 287-297; 
H. L. White, Comment on the “Positive Feedback” method of time estimation, 
Percept. mot, Skills, 19, 1964, 851.854, E in 

*J. L, Falk and Dalbir Bindra, Judgment of time as a function of serial position 
and stress, J, exp. Psychol., 47, 1959, 279-282. S 
"Sanford Goldstone and J. L. Goldfarb, Judgment of filled and unfilled duta- 
tions: Intersensory factors, Percept, mot. Skil ls, 17, 1963, 763-774; G. R. Hawke i 
R. W. Bailey, and J. S. Watm, Method and modality in judgments of brief stim- i 
ulus duration, J. aud. Res., 1, 1961, 133-144. 2 4 gt 
.'Dalbir Bindra and Hélène Waksberg, Methods and terminology in studies 
time estimation’, Psychol. Bull., 53, 1956, 155-159. 


628 


INFLUENCE OF STIMULUS-MODALITY AND DURATION 629 


7.0, and 15.0 sec. These intervals were filled in the following ways: auditory/ 
tactual-kinesthetic (A/TK);  electrocutaneous/tactual-kinesthetic (E/TK); and 
tactual-kinesthetic sensations with no auditory or electrocutaneous components (TK). 
Ten Os were assigned at random to each of the 12 possible combinations of stimu- 
lation and intervals. Each O produced 30 intervals which were divided into 6 blocks 
of 5 judgments each, 

(4) Apparatus. The Os were seated in a sound-deadened chamber having an am- 
bient noise-level of about 40 db. SPL. A telegraph key was mounted on a stand in 
front of O. 

The auditory stimulus consisted of a 1000~ tone. It was presented binaurally 
to O via a headset. Electrocutaneous stimulation consisted of the same signal fed to 
a stainless steel electrode, 12 mm. in diameter, applied to the volar surface of O's 
index finger. O's palm rested on a 2-in. square stainless steel passive electrode; no 


` electrode paste was employed. A Ballantine ac voltmeter Model 320, connected 


across a 100 Q resistor in series with O, was used to measure the current. 

Auditory or electrocutaneous stimulation was controlled by O's response-key. 
During the TK sessions, the oscillator was turned off. O's productive judgments 
were recorded to the nearest 1/100 sec. by means of a Standard Electric Model S-1 
precision-timer. 

(5) Procedure. At the beginning of each session, the electrocutaneous threshold 
was determined for each O. A stimulus-intensity of 150% of the threshold current 
midway between the RL and the tolerance-threshold was then used.’ For the A/TK 
sessions, the Os were asked to equate the subjective intensity of the auditory signal 
to that of the electrocutaneous stimuli. This procedure avoided differential treat- 
ment of the Os in the preliminary portion of the experimental session. 

Instructions for making the judgments were read to O. Individual operating 
under the A/TK or E/TK conditions were instructed to turn on the signal for the 
stated intervals by depressing the response-key. The Os in the TK condition were 
simply instructed to depress the response-key. Each trial was signaled by E's an- 
nouncement of "ready." A delay of 15 sec. separated the successive trials. The Os 
were asked not to count or tap in making their judgments and time-pieces were 
removed at the start of each session. O was not told about the accuracy of his per- 
formance. 


Results, For each O, median judgments were calculated for each block 
of trials. Means of median judgments obtained at each duration are 
plotted in Fig. 1 as a function of modality and trials, The figure shows 
that the intervals produced in response to the 0.5 and 3.0 sec. instruction 
generally tended to fall below the standard while at 7.0 and 15.0 sec. 
the intervals produced tended to approach or lie above the standard. 
Fig. 1 further reveals that there was an increase in the interval over trials 
More pronounced at 7.0 and 15.0 sec. than at 3.0 sec. At 0.5 sec, the 
interval decreased over trials. For all intervals, there does not appear to 


*G. R. Hawkes and J. S. Warm, The sensory range of electrical stimulation of 
the skin, this ee 73, 1960, 485-487. The mean value used in the present 


study was 0.79 ma. 
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be any consistent tendency for the absolute magnitude of response to 
vary systematically with differences in the sensory cues filling the inter- 
val. 

Data for each duration were treated by analysis of variance. No signifi- 
cant effect for modality and no significant modality x interaction of trials 
were obtained at any of the four intervals. Additionally, real differences in 
the magnitude of the responses were not observed at 0.5 and 3.0 sec. Sig- 
nificant differences between trials were found, however, at 7.0 and at 15.0 
sec. (p < 0.05). The over-all trend of the trial means for judgments of 
7 sec. revealed both a significant linear component (p < 0.01) and a 


MEAN OF MEDIAN JUDGMENTS (IN SEC.) 


123456 123456 
BLOCKS OF TRIALS 
Fic. 1. MEANS OF MEDIAN PRODUCTION JuDGMENTS (IN SEC.) 


significant quadratic component (p « 0.05). At 15.0 sec., the over-all 
trend of the trial means was linear (p < 0.05), and there was no signifi- 
cant curvature. 

Tt has been suggested that observed lengthening of temporal judgments 
with successive repetitions might reflect overestimation of elapsed time 
due to the boredom involved in the performance of a repetitive task.? 
Clearly, the drift toward underestimation (lengthening of produced in- 
tervals) in the present study does not accord with such an explanation. 
Further, the general tendency found here for response magnitude to in- 
crease beyond the standard at 15.0 sec. is consistent with the findings of 
Falk and Bindra and Robinson and supports the former's contention that 
the ‘serial position gradient’ does not represent improvement in judgment 
accuracy with practice." Woodrow has suggested that changes in the di- 


“H. J. Jetison and Jules Arginteanu, Time jud ments, acoustic noise, and judg- 
ment drift, WADC tech. Rep., 57-459, 1958, 20-23: Warm, Morris, and Kew, 
op. cit., 295. 

"Falk and Bindra, op. cit, 280-281; Robinson, op. cit., 357. 
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rection of time-order errors in temporal discriminations may be attributed 
to the effects of the stimulus-range employed upon the O's frame of ref- 
erence.® It is unlikely that such a phenomenon was operative in the pres- 
ent study, however, since Os were exposed to only one duration level in 
any condition. All in all, it appears that an explanatory framework that 
could adequately account for the ‘serial position gradient’ remains to be 
identified. 


e 


SUMMARY 


The present study assessed the effects of variations in sensory content 
and nominal durations of intervals delimited by Ss on the tendency for 
these intervals to increase in magnitude over trials. The intervals to be 
produced were 0.5 sec., 3.0 sec., 7.0 sec., and 15.0 Sec. The pressing of 
the response-key resulted in the following sensory inputs: (a) auditory 
and tactual-kinesthetic, (b) electrocutaneous and tactual-kinesthetic, (c) 
tactual-kinesthetic alone. A significant linear increase over trials was noted 
at 15.0 sec. and an increase with significant linear and quadratic compo- 
nents was observed at 7.0 sec.; at 0.5 and 3.0 sec., no significant trend 
over trials was apparent. The shape and slope constants of the gradient 
as well as absolute response magnitude showed no relation to the sensory 
stimulation employed. 


3 Herbert Woodrow, The effect of practice upon time-order errors in the com- 
parison of temporal intervals, Psychol. Rev., 42, 1935, 127-152. 


MONOCULAR AND BINOCULAR PERCEPTION OF 
VERTICALITY AND THE RELATIONSHIP OF 
OCULAR DOMINANCE 


By CARL W. ScHNEIDER, Michigan State University 


Certain organismic states may be altered through experimental manipu- 
lation of such factors as body-tilt (supported or unsupported), sidewise | 
head-tilt, body-rotation, or electrical or mechanical stimulation of the neck 
muscles.* j 

Tt has been suggested that these manipulations, which induce concur- | 
rent asymmetrical responses in the proprioceptive, tactile, and vestibular 
feedback mechanisms, contribute to error in the perception of verticality,? 
and it is with this induced asymmetry that most investigators have con- - 
cerned themselves. Little consideration has been given to an analysis of 
the possible relationship which may exist between natural bilateral asym- 
metry and the perception of verticality. 

Walls has described in great detail the nature of bilateral asymmetry 
in the visual system.* He clearly distinguishes between two types of ocu- 
lar dominance; rivalry-dominance, which is purely sensory, and sighting .— 
dominance, which is motor in character. The relationship between visual 
asymmetry and the perception of verticality has yet to be described. 

The present investigation represents an attempt to describe the rela- — 
tionship between the left-eye, fight-eye, and binocular perception of the — 
vertical, and the possible involvement of ocular dominance. A 


* Received for publication May 4, 1966. This study was supported by a Public 
Health Service fellowship 5-FI-MEL17, 006-02 from the National Institute of 
Mental Health. Bar 

* Heinz Werner, Seymour Wapner, 
tonic field theory of perception: I. Effect of extraneous stimulation on the visual per- 
ception of verticality, J. exp, Psychol, 42, 1951, 341-345; II. Effects of supported and 
unsupported tilt of the body on the visual perception of verticality, idem, 346-350; — 
Seymour Wapner, Heinz Werner, and R. B. Morant, III. Effect of body rotation on 

e visual perception of verticality, idem, 351-357; Heinz Werner and Seymour 
Wapner, IV. Effect of initial position of a rod on apparent verticality, ibid, 43, 
1953, 68-74; Seymour Wapner and Heinz Werner, V. Effect of body status on - 
the kinesthetic perception of verticality, iid., 44, 1952, 126.131; C. W. Schnei 
and S. H. Bartley, A study of the effects of mechanically induced tension of 
neck muscles on the perception of verticality, J. Psychol, 54, 1962, 245-2 
Martin Bauetmeister, Effect of body tilt on apparent verticality, apparent 
Position, and their relation, J. exp. Psychol., 67, 1964, 142-147. 

P des. oat Wapner, Sensory-tonic field theory of perception, J. Pers., 1 


* G. L, Walls; A theory of ocular dominance, Arch, Ophthal, 45, 1951, 387-4 
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Observers. Twenty-four men from an experimental course in vision served as Os 
in this investigation. Twelve of the Os were left-eye dominant and 12 were right- 
eye dominant as determined by a sighting test prior to the experiment. All had 
served as Os in perceptual experiments prior to this one, but none had prior ex- 
perience in a study of verticality. 

Apparatus. 'The visual target, which was placed 13 ft. from O, was a luminescent 
rod 1 in. wide and 24 in. long, and it revolved around its midpoint in the frontal 
plane. A metal shaft 3/8 in. in, diameter extended horizontally from the midpoint of 
the rod through a 2-in. thick backboard, which was 36 in. square, to a gear ar- 
rangement and synchronous motor which could drive the rod in either a clockwise or 
counterclockwise direction. A simple circuit made it possible for E to adjust the 
rod freely to some initial position and then activate the motor drive by pressing a 
button. The rod then moved at a constant rate (2*/sec.) toward the vertical position 
until O pushed a button which activated a solenoid brake while simultaneously 
deactivating the motor drive, This system provided a precise method of stopping 
and starting the movement of the rod, All rod settings could be read to an accuracy 
of less than 1/4° on a protractor with a 12-in. radius. The entire apparatus was 
bolted to a heavy table which placed the midpoint of the rod at eye-level for O 
Who was seated during the experiment. The study was conducted in a dark room 
in which all visual cues to the vertical had been eliminated. 

Procedure, 'The data were obtained from each O in three 45-min. sessions which 
were separated by three-day intervals. At the beginning of the first session O was 
given a test to determine eye-dominance. The test consisted of sighting the rod 
under binocular conditions through a 3/8-in. hole in the center of a 4 X 8 in. 
card held at arm's Iéngth with both hands. O then closes one eye or the other; if 
he is left-eyed, the rod will remain in sight when viewing with the left eye and 
will disappear when viewing with the right eye. If he is right-eyed, the situation 
will be reversed. Every O received the test again at the end of the study. 

Three viewing conditions were used in the experiment: right-eye, left-eye, and 
binocular, When O viewed the target with one eye, the other eye was covered with 
an eye-patch. In any particular session O made either all binocular observations, or 
half with the left eye followed by half with the right eye, or half with the right 
eye followed by half with the left eye, The order in which these three conditions 
followed each other in the three sessions was randomized for each O. 

The six initial positions of the rod were +5°, 30°, 45°. O made four ob- 
servations under each viewing condition and initial position of the rod. The order 
of initial positions of the rod was randomized for every O and each session. During 
the sessions, O was instructed to keep his eyes closed while E placed the rod in the 
initial position. After placement of the rod in position, E gave a verbal signal 
followed approximately 5 sec. later by the activation of movement, which O stopped 
by pressing a push-button switch when he thought the rod was vertical. 

Measures, The measures were degrees of deviation of O's setting from true 
(plumb line) vertical. Clockwise deviations from true vertical were designated 
positive (+) and counterclockwise deviations negative (—). 


Results, Fig, 1 shows the results obtained from the right-eye and left- 


eye dominant groups. Under monocular conditions, the mean error for 
the right eye is clockwise from the true vertical and for tHe left eye it is 
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counterclockwise. Under binocular viewing conditions, the mean error is 
clockwise from the vertical for the group with right-eye dominant, and 
counterclockwise for the group with left-eye dominant. 


DEVIATION FROM TRUE VERTICAL 


45° t30* 90° 


PRO LEFT-EYE DOM 


Lon 30° +90° 
INITIAL ROD-POSITION 


Fic. 1. DEGREES OF DEVIATION FROM TRUE VERTICAL 


RE, ti ht eye; LE, left eye; BIN, binocular vision; 
+, cl ise from true vertical; —, counterclockwise 
from true vertical. 


T-tests of the differences in mean error obtained by the right- and left- 
eye dominant groups were performed and the following was found. 

(1) Righteye dominant group—tight-eye vs. left-eye differences 
were significant (p < 0.005) for all initial positions of the rod. 

(2) Left-eye dominant group—right-eye vs. left-eye differences were 
significant (p < 0.005) for all initial positions. 

(3) Binocular viewing—left-eye dominant vs. the right-eye domi- 
nant: The differences were significant (p « 0.005) for all initial posi- 


tions. 


(4) Compatison of the differences between right-eye and binocular 
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viewing for the right-eye dominant group and the left-eye and binocular 
viewing for the left-eye dominant group proved to be non-significant. 

Discussion. The findings of the present study suggest the-existence of 
a well-defined relationship between the perception of verticality, in the 
absence of systematic extraneous stimulation, and ocular dominance. For 
the right-eye dominant group, the apparent vertical is displaced to the 
right of true vertical, while the apparent vertical for the left-eye domi- 
nant group is displaced to the left of true vertical. 

Under monocular viewing conditions, the displacement of the vertical 
is dependent on the viewing condition. When observing with the right 
eye, the apparent vertical is displaced clockwise from true vertical, and 
when observing with the left eye, the apparent vertical is displaced coun- 
terclockwise. Under these conditions, the magnitudesof the error does not 
tend to be smaller when the dominant eye is utilized. On the contrary, 
under certain initial rod positions (see Fig. 1), the error is smaller with 
the non-dominant eye. This finding is particularly interesting in light of 
the fact that most people tend to use their dominant eye when required 
to sight an object, and we would expect a greater degree of accuracy 
than might be achieved with the non-dominant eye. In the present study, 
however, this is not the case. 

The magnitude of the error for the right-eye dominant group tends to 
be slightly smaller for the binocular viewing than when only the right eye 
is used, and the same is true when the left-eye error is compared with the 
binocular error of the left-eye dominant group. While these differences 
were not statistically significant, they are in agreement with the recent 
findings that the error in the perception of verticality is greater for monoc- 
ular than binocular viewing.* 

Werner and Wapner have concluded that in the absence of extraneous 
stimulation and in an erect position "true vertical is seen by most people 
as tilted somewhat to the right."5 In subsequent investigations, there have 
been many instancés in which the true vertical was seen as tilted to the 
left. On the basis of the findings of this study, it may be concluded, how- 
ever, that Werner and Wapner are correct if we assume that the majority 
of people are right-eye dominant. 

In the preceding discussion, certain relationships have been defined, 


.'Peng Tan-ling, The influence of the direction of convergence on judgment of 
visual vertical, Acta psychol. Sinica, 2, 1964, 152-160. 

"* Werner and Wapner, op. cit., J. Pers., 18, 1949, 100. S 

T McFarland, Seymour Wapner, and Heinz Werner, Relation between per- 
ceived location of objects and perceived location of one's own body, Percept. mor. 
Skills, 15, 1962, 331-341. o 
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and no attempt has been made to identify causative factors. Since the 
elements involved in visual asymmetry and bilateral asymmetrical distri- 
bution are not well understood, it would be premature at this point to 
suggest that the perception of verticality is influenced primarily by ocular 
dominance. It may well be that there are other factors, yet to be identified, 
which are related to ocular dominance and play a more important role in 
determining the perceptual end result. 


SUMMARY 


The perception of verticality was determined for 12 right-eyed and 12 
left-eyed Os using the right eye, the left eye, and binocular vision. The 
apparent vertical was displaced to the right of true vertical when the right 
eye was used and to the left of true vertical when the left eye was used 
by all Os. Under the binocular viewing condition, the apparent vertical 
was displaced clockwise of true vertical by the right-eye dominant Os and 
counterclockwise of true vertical by the left-eye dominant Os. 
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A PSYCHOPHYSIOLOGIC STIMULATOR: 
FLOATING CONSTANT-POWER 


By Roy J. KrusBerG and HERBERT ZIMMER, University of Georgia 


Various investigators have on repeated occasions expressed concern over 
the possibility that wattage, rather than voltage ot amperage traditionally 
used, may be the current-characteristic most relevant to electrodermal 
stimulation.’ Definitive experimentation on this poifit has been hampered 
by the unavailability of a constant-power stimulator. Instead, the wat- 
tage dissipated through S has had to be calculated from the measurements 
of S's resistance and amperage or voltage. The instrument described here 
is intended to remedy these deficiencies and to atm the experimenter with 
means of establishing positive control over these independent variables. 


Until recently a simple, reliable circuit capable of driving a load of varying- 
impedance with constant power has been virtually impossible to design, since no 
suitable exponential device has been available, Previous efforts to construct a con- 
stant-power instrument around a nonlinear functional generator were abandoned 
after it was found necessary to employ an excessive number of operational amplifiers 
to achieve the desired stability and accuracy. The development of the Hall effect 
through thin-film devices has yielded a solution of this problem. The constant- 
power stimulator described in this paper owes its effectiveness to the Hall effect 
used as a voltage-current multiplier. In 1879 E. H. Hall made detailed observations 
regarding the effects of perpendicular magnetic fields on the: bending of electrical 
field-lines within very thin sheets of various metals? More than 70 yr. elapsed be- 
fore advances in the manufacture of semiconductors enabled industry to produce the 
Hall effect devices of wide utility outside the physics laboratory. . 

The identical considerations which governed the design of the constant-current 
and constant-voltage stimulators described by Krusberg and Zimmer provided the 


* This study was conducted in the Bioelectronic Computer Laboratory, and sup- 
ported by the Air Force Office of Scientific Research, Grant AF-AFOSR-257-65, 
and the Rome Air Development Center, Contract AF 30(602)-3380. ; 

1H, E. Hill, H. G. Flanary, C. H. Kornetsky, and A. Abraham Wikler, Relation- 
ship of electrically induced pain to the amperage and the wattage of shock stim- 
uli, J. clin. Invest., 31, 1952, 464-472; R. T. Green, The absolute threshold of 
electric shock, Brit. J. Psychol, 53, 1962, 107-116; Bernard Tursky and P. D. 
Watson, Controlled physical and subjective intensities of electric shock, Psycho- 
bbysiol., 1, 1964, 151-162. 3 . 

E. H. Hall, On, a new action of the magnet on electric currents, Phil. Mag., 
9, 1880, 225-230; On the new action of magnetism on a permanent electric cur- 
rent, ibid., 10, 1880, 301-328. e 
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guidelines for the present instrument? The output of this stimulator is isolated from 
ground: (1) to avoid the introduction of ground-loops or noise which might inter- 
fere with psychophysiologic recording; and (2) to be safe for use with human Ss, 
In addition, the stimulator was designed: (3) to cover the resistance range usually 
encountered with human Ss; (4) to produce acceptable power regulation within 
this range; (5) to yield direct readings of power output to the $; (6) to be con- 
trolled by an external pulse or time-interval generator; and (7) produce an output 
of square-wave power-pulses of an upper frequency determined by the response- 
characteristics of the control-circuitry. The stimulator-circuit is completely isolated 
from ground- and power-lines by using isolation-transformers and mounting all com- 
ponents on phenolic terminal boards. $ is further protected by two 1/100 amp. 
fuses in series with the output jacks. 


CURRENT 
VOLTAGE 
[IN 


"ALL 
errecr 
otvict 


Fic. 1. INTERRELATION OF FUNCTIONAL UNITS OF 
CONSTANT-POWER STIMULATOR 


The instrument is capable of regulating power output within 1% from 10-500 
mw. output into load resistances varying from 13,000—100,000 © and will hold to 
within 2% down to 600 Q from 10-500 mw. The maximal power-output capability of 
the instrument is 500 mw., bounded by current limiting at 5 m.amp., and voltage 
limiting at 200 v., in the present circuit design. These paremeters can be readily 
modified, whenever this might become desirable. The precision of the prototype was 
limited by the deliberate use of. inexpensive components, with a total cost of about 
$150. This figure is predicated on one's willingness to assemble the Hall generator 
oneself, as was done in this instance, By doubling the cost, a more accurate version 
of this instrument can achieve the regulation of the power output within 2% or 
better over its entire range of operation. The precision of the constant-power stimu- 
lator, as given above, is achieved by substituting (a) a Scientific Columbus M250 
Hall multiplier for the laboratory assembled unit, (b) an operational amplifier, 
similar to Nexus SQ-10, in place of the prototype two-stage triode voltage-ampli- 


*R. J. Krusberg and Herbert Zimmer, Floating constant-current and constant- 
voltage squareware physiologic stimulators, this JOURNAL, 78, 1965, 124-129. 
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fier, and (c) a Microtran M8025 chopper-transformer, or possibly a transistor 
chopper input, in place of the present transistor-transformer. 


The block-diagram of Fig. 1 provides an overview of the prototype 
model of the constant-power circuit. A series-control amplifier regulates 
current flow to S. A fraction of the voltage across S, plus the entire cur- 
rent flow through S, are multiplied by the Hall device. The output volt- 
age of the Hall generator is chopped and amplified to an appropriate 
level. The amplified output is rectified, filtered, and fed to a comparator 
amplifier, Since the output of the detector is proportional to the power 


Fic. 2. CIRCUIT-DIAGRAM OF CONSTANT-POWER STIMULATOR 


across S, its output is shown on the power output indicating meter, as 
its equivalent in mw. A reference voltage is supplied to the comparator 
amplifier, and its output is coupled to the grid of the control amplifier. 

A schematic diagram of the regulator-circuit appears in Fig. 2. The Hall 
multiplier consists of a Beckman model 350 thin-film Hall generator, ina 
Beckman 34-138-1 core, with two coils containing 5,000 turns each of 
number 40 wire, mounted on the core. The entire assembly is potted in a 
triple mu-metal can with Hysol R8-2058. The voltage input leads of the 
Hall generator are connected through a 10,000 © resistor to the output 
voltage terminals of the control amplifier circuit. The series-connected 
current coils are lined directly to S. The Hall voltage is proportional to 
the product of the current flow through the device and the magnetic flux 
at right angles to the current flow. The output of the Hall generator is 
thus a function of the product of voltage across S and the, current through 
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S, and can be expressed as Vy = f (&V.,I;). Since by Ohm's and Kirchoff's 
law P — VI, and Vj, = £P, the Hall voltage can be seen to be a function 
of the power dissipated by S. 


The Hall voltage, a D.c. voltage, is converted to A.c. by an Airpax M-4 chopper 
feeding a Stancor TA-31 transformer. The 400 ~ power for the chopper drive is 
supplied by a small transistor multivibrator, using the chopper coil in a resonant 
load circuit, as shown in Fig. 3. The A.c. voltage is amplified by a two-stage 12AT7 
triode resistance-coupled amplifier, the output of which is converted to a high-level 
D.C. signal by a half-wave diode rectifier. The detector-stage serves the additional 
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Fig, 3. 400~ CHOPPER-OSCILLATOR 


function of shifting the level of the p.c. signal to that required by the comparator 
amplifier. A twin-tee rejection-filter on the output of the detector removed most oi 
femaining 400 ~ component of the detector output. A 400 ~ chopper frequency 
Was chosen: (a) to give improved frequency response; (b) to eliminate any power 
line frequency components from the output stage; and (c) to simplify amplifier 
and detector design requirements. ^ ? 

The n.c. output of the detector appears on the grid of a GAUG sharp cut-off — 
Pentode comparator amplifier. The reference voltage, which determines the power - 
output, is applied to the cathode of the 6AU6 amplifier. The plate of the GAUG 
amplifier is (a) fed from the output of the control amplifier through a plate load’ 
resistor, and (b) is also connected directly to the grid of the control amplifier tube. 
The control amplifier is a 6550 high transconductance power amplifier pentode, 
ideally suited for the high gain requirements of this application. 


In operation, the difference between the cathode and grid voltages b i 
the 6AUG determines its plate current flow, and thereby the control BH 
voltage of the 6550. For any given load impedance, a particular d 
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of the 6AU6 cathode voltage will permit voltage to increase across $ 
until the detector output voltage brings the GAU6 plate voltage and 
6AU7 grid voltage to a level of equilibrium. A decrease in load resis- 
tance will cause a lower grid voltage at the GAUÓ comparator amplifier, 
causing its plate current to decrease and to produce a corresponding de- 
crease on the negative grid bias of the 6550 control amplifier. Current 
output from the 6550 will then increase until an equilibrium is once 
again established. The converse éffect is created by an increase in load 
resistance. The power output of the control amplifier is sensed continu- 
ously, and corrections applied at the response rate of the system. This 
prototype instrument requires additional feedback, in the form of a frac- 
tion of the output voltage fed to the cathode of the comparator section, 
to produce the desired linearity in power output. — * 

It is mandatory that polarization be held to a minimum during experi- 
mentation by the use of appropriate electrodes. The extent to which 
polarization occurs and distorts experimental measurements, despite this 
precaution, can be determined through the use of an electrometer before, 
during, and after the experiment. 


ADU Lykken, Properties of electrodes used in electrodermal measurement, 
J. comp. physiol, Prychol, 52, 1959, 629-634. 


AN APPARATUS FOR STUDYING VISUAL REINFORCEMENT 
IN FISH 


By THOMAS STURM, JOHN GRABOWSKI, and TRAVIS THOMPSON, 
University of Minnesota 


Several devices for studying operant “conditioning in fish have been re- 
ported? These methods have either employed photoelectric cells or lever- 
deflection transducers to detect the responses of the fish. Several problems 
are encountered when these devices are used with small fish. 

The two primary difficulties of lever-deflection devices are the relatively 
large force required to detect the response, and the pretraining required 
to maintain an adequate response. Although Longo and Bitterman state 
that their lever-deflection apparatus can be adjusted to any desired sensi- 
tivity, experiments by the authors of this paper revealed that when the 
lever is sufficiently sensitive to be triggered by the response of relatively 
small fish (2-3 in. long Bettas), small disturbance in the water also oper- 
ates the device? The difficulty in training fish to perform the required 
lever deflecting response is discussed in the apparatus paper, some experi- 
mentets were not able to train a single fish to make the required response. 

Photocell devices are easily operated by small fish, but present other 
difficulties. For example, an apparatus described by Thompson for study- 
ing visual reinforcement in Siamese Fighting Fish did not differentiate 
the animal's orientation as it swam through a response ring suspended in 
the aquarium.® Controlling this variable is particularly important when a 
moving visual reinforcer is used. This problem has been evercome by re- 
quiring that the light falling on three widely spaced photocells is inter- 
rupted in a specified order.* Unfortunately, this response sequence requires 


a long time for conditioning, and does not facilitate immediate recurrence 
of the response. 


* This research was supported in iy from the 
National Science Foundations EE uote grant) Gaii 
. `W. A. Deterline, An automatic device for the investigation of operant behavior 
in fish, this JOURNAL, 69, 1956, 291-295; Nicholas Longo and M. E. Bitterman, 
Improved apparatus for the study of learning in fish, this JOURNAL, 72, 1959, 616- 
620; T. L Thompson, Visual reinforcement in Siamese fighting fish, Science, 141, 
1963, 85-87; T. I. Thompson and Thomas Sturm, Visual-reinforcer color and 
operant behavior in Siamese fighting fish, J. exp. Anal. Behav., 5, 1965, 341-344. 

? Longo and Bitterman, op. cit., 617 f. ‘ 

* Thompson, op. cit., Science, 1963, 86 f. 

* Thompson an1 Sturm, op. cit, J. exp. Anal. Behav., 340 v. 1965, 340 f. 
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The apparatus described in this paper was designed to overcome the difficulties 
of the lever operandum and the three photocell response-system. It was specifically 
designed for the operant conditioning of Betta splendens using visual reinforcement. 
It could, however, be used with any small fish to deliver other reinforcers. The 
system requires a simple swimming response similar to that described in the paper 
by Thompson, but still insures that the fish will be oriented in a predetermined 
direction when the reinforcer is presented. After the response has been made, a 
model of a male Betta splendens is presented, exhibiting two components of the 
complex aggressive behavior sequences characteristically elicited by the visual image 
of another male Betta. The model approaches the fish frontally until it reaches a 
distance of approximately 2 in. from the fish and then stops for 4 sec. (frontal 
approach). After the 4-sec. delay, the model turns and moves laterally across the 
front of the tank (lateral display) and then disappears behind an opaque screen. 
Six seconds are required for the model to complete this lateral display. The fish 
is able to view the model for a total time of 11 sec., iacluding both frontal and 
lateral display. 

The apparatus may be divided into two parts: one part for the detection of the 
responses; and the second part for the reinforcement of the presentations. The 
detector of the responses of the photo-conductor is suspended at one end of a 
standard 41⁄4 x 434 X 914 in. 2-gal. glass aquarium, The illumination inside the 
aquarium is primarily provided by two external sources: à. 15-w. fluorescent bulb 
extending the entire length along the back wall; and an incandescent light fixture 
(two 15-w bulbs) suspended 7 in. above the tank. The entire top of the tank has 
a loose-fitting lucite cover which supports the system detecting the responses. 

The response-system consists of three Clairex CL5M3 photo-conductors cemented 
in a rectangular opaque block, 1 X 2 X 4 in. The photo-conductors are arranged 
in a row along a 1 X 2 in. top of the lucite block (Fig. 1 B). This forms the top 
of a response chamber 2 in. long, 34 in. wide, and 7 in. deep, framed by clear, 
sheet-lucite (Fig. 1 C). An incandescent lamp situated below the aquarium allows 
light to travel through the lower portion of the response chamber, illuminating the 
three photo-conductors. 

Each of the three CL5M3 photo-conductors is connected in series with a Dunco 
Reed Relay RR 1A (1440-ohm coil), to the 28-v. power supply used for circuitry 
of the relay-timer. The relay is normally closed with light on the photo-conductors 
and opens when the light beam is interrupted. This beam-breaking photo-relay 
system has the advantage of requiring no amplification. ; 

A response is defined as the successive interruption of the light falling on the 
three photo-conductors in the following sequence: first, the fish interrupts the light 
falling on the photo-conductor nearest the back wall; secondly, interruption of the 
light falling on the middle photo-conductor; and finally, interruption of the light 
falling on the photo-conductor nearest the front wall of the tank. This sequence is 


followed by the presentation of the visual reinforcer. Interrupting the light beams 
cement, as arranged by external relay 


in any other order will not lead to reinfoj 1 
logic. This assures that S will be oriented toward the front wall after responding 


and hence the area in which the presentation of the reinforcer (Fig.1 E) occurs. 
The visual reinforcer of the presentation system consists of a 40 r.p.m., 115-v. A.C. 
: 


5 Thompson, op. cit., Science, 1963, 85-87. e 
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Dayton Motor D4552-F; 800-27; 70B (Fig. 1 K) which drives a ladder-type sprocket- 
chain (Fig. 1 I) directly from the drive gear (Boston Sprocket Gear CBA20B). 
The chain is supported on a pentagonal pathway by four additional sprocket gears 


Fic. 1. APPARATUS FOR STUDYING VISUAL REINFORCEMENT 
IN FIGHTING FISH (ALL DIMENSIONS IN INCHES.) 


A. Aquarium H. Microswitch 
B. Opaque lucite block I Sprocket chain 
(55 nse chamber . Gear 

D. (male Betta) È Motor 


E. Visual reinforcing model $ jue Screen 
F. Overhead lamp M. ede icis roller 
G. Lucite strip attaching re- 

sponse-detector to aquarium lid 
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(Fig. 1 J) located at the corners of a heavy aluminum frame. The models of the 
fish are suspended by stiff wires soldered to the sprocket-chain. Four microswitches 
(Fig. 1 H) are situated above the chain, supported by L-brackets attached to the 
aluminum frame. The microswitch rollers (Fig. 1 M) are tripped by small stiff 
wire ramps which are soldered to the sprocket chain immediately in front of the 
models. Through the use of external logic and timers, it is possible to use micro- 
switch closures to interrupt the power activating the drive motor, thereby stopping 
the model for a predetermined interval in frontal or lateral display. 

Two models are soldered to the sprocket chain opposite each other to make it 
possible to present the models with a minimal delay between occurrence of the 


Fic, 2. LATERAL AND FRONTAL VIEWS OF A PLASTER OF 
Paris MODEL OF A MALE Besta IN AGGRESSIVE DISPLAY 
The model is 144 in. from the top of the dorsal fin to the 
bottom of the ventral fin and 2 in. long. This model is blue 
with black eyes and red gills. 


response and presentation of the model, While one model is being presented, the 
other is traversing the rear of the chain carrier behind an opaque screen (L), 
stopping in position to be presented, as soon as the first model has disappeared 
from the end of the tank. 

The bodies of the models are plaster of paris casts of a male fish used for making 
a rubber mold. Fins were copied from a photograph of the fish in the maximal 
degree of fin erection and then cut from 0.002-in. thick Shim-stock sheet steel. The 
halves of plaster of paris molds were then glued together enclosing the sheet steel 
fins, and a small piece of No. 10 solid wire was soldered to the dorsal fin for attach- 
ment to the carrier. Then the entire model was painted a solid color. The eyes were 
then painted black, and the gills (which are exposed because the opercula are erected) 
red (Fig. 2). ExT 

The timer-switching circuitry controlling reinforcement contingencies involves the 
microswitches situated above the ladder chain, external clocks and external relays. 
Standardized commercially available 28-v. p.c. relay-timer equipment has been used 


in our laboratory for this purpose. À 
The model can be presented in frontal display, lateral displey, frontal followed 
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by lateral display, with or without pauses of specified duration in either or both 

display positions thus permitting the analysis of a variety of aspects of the display — 

behavior. p 
Fig. 5 presents a cumulative record of the acquisition of this operant reinforced 


Ow or 


Fic. 3. CUMULATIVE RESPONSES OF THE First FOURTEEN 
1-HR. SESSIONS FOR ONE MALE Betta splendens, USING THE 
MODEL PRESENTED IN FIG. 2 As THE REINFORCER 


by a model of a male Betta splendens for one subject. In this case the model stopped 
for 4 sec, in frontal display, but did not stop in lateral display. The curves are 
generally similar to those obtained with other reinforcers on a continuous reinforce- 
ment schedule It shows somewhat more grain, as is characteristic of relatively 
weak reinforcers, or low deprivation conditions, D 


°C. D. Ferster and B. F. Skinner, Schedules of Reinforcement, 1957. 


APPARATUS NOTES 
A HOMEMADE STEREOTAXIS 


To round out the offerings of the psychological laboratory, and in particular to 
demonstrate the effects of lesions and of central stimulation, we have felt the need 
of a stereotaxis, Commercial models require capital outlays which may preclude their 
purchase by small departments. To meet this problem, the authors assembled a 


Fic. 1. THE STEREOTAXIS WITH ELEC- 
- TRODE IN HOLDER 


workable, if inelegant instrument, from a drill press, milling table, machinist's 


calipers, scrap aluminum, and plexiglass. A 
Fig. 1 shows the finished product. A plexiglass surgical table (34 in. thick, 
11 in. wide, 22 in. long) is bolted to the base of the milling table. Two pieces of 
aluminum stock (114 in. wide, 134 in. long, and 1% in. thick), with threaded 
wing nuts, are attached to the table to carry the ear-bars. The ear bars were fash- 
ioned from V4 in. steel rod with a 45* angle filed on one end. The nasal damp 
is two pieces of aluminum (l$-in. thick and 134-in. wide). The top piece is ¥-in. 
long and the bottóm one is 114 in. in length. The bolt and nut arrangement enable 
the clamp to adjust the angle of the head and keep S rigidly chycked up. S's upper 
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incisors hook over the slot filed in the end of the clamp. The inner surface of the 
top piece is rounded to form fit over the nasal bones. The electrode is carried bee — — 
tween two pieces of plexiglass which are fastened to the depth-gauge of machinist’s 
dial calipers. The calipers are bolted to an aluminum bracket which replaces the _ 
chuck in the drill press. Extension of the depth-gauge is used for implantation. 
A tuling pen may be fastened to the depth-gauge for a simple electrode carrier 
instead of the plexiglass, 

S is placed in the instrument and the angle of the skull adjusted, The table can 
be unbolted from the drill press frame for easy access during surgery or the drill 
press can be swung to one side. In actual practice, it is not necessary to do either _ 
as there is ample room for surgery with the drill press in the implanting position, 
The latter procedure eliminates possible error in returning to the predetermined 
zero on the ear-bar. Anterior-posterior adjustments are made with the control knob 
on the right side of the table and the crank at the front controls lateral movement; 
The dial micrometer, anterior-posterior and lateral verniers, are in thousandths of 
an inch which give excellent control. A table converting inches to millimeters is 
kept taped to the base to eliminate computation during surgery. 

This device does not pretend to be a substitute for a fine instrument. It can, 
however, be satisfactorily used where no stereotaxia is available or to teach labora- 
tory procedure to the neophyte and thereby save wear and tear on the research 
instrument. The quality of work, however, appears to be reasonably good at least 
for the purposes of laboratory classes. We have been able to place our implants in 
the desired targets in the hypothalamus within + 0.5 mm. of the intended location. 
The technique of angle approaches appears to be beyond the capabilities of this 
Particular device. Any department desiring such a tool should be able to cut costs 
considerably by substituting enameled or varnished wood for plexiglass and alumi- 
num. We chose the materials and components most readily at hand rather than con- 
sidering new purchase price. The basic design can easily be adapted, however, by 
those interested. 

Central Washington College Joun A. Butt, III 

THoMAs B. COLLINS, JR. 


A SHOCK STIMULATOR FOR RESEARCH 
WITH HUMAN SUBJECTS 


Fig. 1 shows two identical constant current stimulators which have repeatedly been 
used to supply shock in experiments utilizing one or two Ss. For single 5 experi- 
ments, electrodes are attached at either A or B and the amonut of current is read 
off in milliamperes from meter MADC by throwing SW + to positions A or B. Of 
course, to read peak to peak values the output is passed through an oscilloscope. ' 
Shock levels are controlled by turning the shafts on potentiometers R: and Rs, 
respectively. With an inserted socket and a few added connections, the circuit may 


be used for two-person studies in which E controls the administration of shock to — 


one or both Ss, or the two Ss interact directly, i.e. a response by Sı shocks Sa, and 
vice-versa. , 
The apparatus produces a half-wave rectified (peak to peak) AC 60 cps sine wave- 
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Shock is so delivered through the 6SK7 tube that very high resistance is in series 
with $ thus minimizing the effects of changes in S's resistance. 

This circuit has been used safely with over 5,000 human Ss in both single and 
two-person experiments. A skin-burn was noted in only one case, an experiment 


Fig. 1. Cicurt-DIAGRAM OF APPARATUS FOR SHOCKS IN HUMAN RESEARCH 
Circurr CAPABLE OF 0-33 MA. PEAK TO PEAK OUTPUT. 
T:—Thordason 24R12U Rs—20K pot Re—33K YW 

Ri—22K 1W R—100 1W SW,—DP: 
R:—20K pot R,—100K 1W SW;—SPDT 


requiring $ to judge the thresholds of pain while using a Tursky arm-electrode." 
This, however, was the fault of the Spartan like attitude of S, a woman. Both finger 
and arm electrodes have been used successfully. 

San Diego State College Joser B. Sinowskt 


s  ar2 ne ee O A eee 
1B. Tursky, P. D. Watson, and D. N, O'Connell. A concentric shock electrode 
for pain stimulation, Psychophysiol, 1, 1965, 296-298. 


NOTES AND DISCUSSIONS 


THE USE OF THE SEMANTIC DIFFERENTIAL TECHNIQUE 
IN THE ESTHETIC EVALUATION OF MUSICAL EXCERPTS 


Early attempts to evaluate musical composition confined themselves to 
requiring subjects to write down their impressions of live performances of 
various pieces.’ Partially due to the difficulty of quantifying such impres- 
sions and partially due to the variation in the performances, only general 
statements as to the intrinsic powers of music to arouse feelings and emo- 
tions (unspecified) in the listener, trained or otherwise, could be made, 
With the advent of the phonograph, however, at least one of these variables 
could be controlled. 

As with the need for controlled reproduction, it soon became evident that 
better measuring devices were needed if we were to understand the esthetics 
and other aspects of music. Hevner's check list,? later evaluated by Farns- 
worth,® proved an invaluable tool. A later development in general psycho- 
logical measurement—the Osgood Semantic Differential technique*—has, 
however, offered still another mathematically more sophisticated method of 
approaching the perplexing problem of quantifying esthetic evaluation. 

To explore the comparability of results obtained by this technique with 
those of the usual adjective check lists, 74 Ss (11 men and 63 women) eval- 
uated 10 musical excerpts, using a three-factor (evaluative, potency, and ac- 
tivity) 15-scale semantic differential technique. 

The results derived from this form of measurement replicate those ob- 
tained with adjective check lists; namely, neither the sex nor the formal 


* B. I. Gilman, Report of an experimental test of musical expressiveness, this JOUR- | 
NAL, 4, 1892, 558-576; 5, 1893, 42-73; J. E. Dow: i timent, this 
Jovievi 9.1597. 355. 73; J Do ney, A musical experiment, 1 

; Kate Hevner, Expression in music: A discussion of experimental studies and the- 
ories, Lo Rev., 42, 1935, 186-204; The affective character of the major and mi- 
nor les of music, this JOURNAL, 47, 1935, 103-118; Experimental studies of the 
elements of expression in music, this JOURNAL, 48, 1936, 246-268. 

P. R. Farnsworth, A study of the Hevner adjective list, J. Aesthet,, 13, 1954, 97- 


103. : 
ip E. Osgood, G. J. Suci, and P. H. Tannenbaum, The Meastrement of Meaning, 
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musical training of the listener appreciably affects the evaluation of musical 
excerpts.” That this procedure offers similar results to previous methods does 
not, in itself, justify its use. What does justify its selection over other tech- 
niques is that it offers the investigator the opportunity to apply a broader 
range of statistical analyses to the evaluation of esthetics, Thus, we may 
bring even more precision to bear on esthetics, and may, with this increased 
precision, be better able to ferret out the elusive variables of this portion of 
human behavior. $ 

A detailed analysis of the three factors exemplified the potential of the 
semantic differential, A significant inverse relationship between the potency 
and evaluative factors indicates that composers wishing to enhance the per- 
ceived esthetic quality of their music should emphasize the ‘feminine,’ 
‘soft,’ ‘light’ qualities of their productions. Apparen:ly, since activity and 
potency also show a significant inverse relationship, one method of achiev- 
ing this end is by enhancing the rhythmic aspects of the composition. 

This suggestion of the potentially singular importance of rhythm for 
conveying various esthetic qualities appears also in a more detailed analysis 
of the activity and evaluative factors, This comparison suggests, as Henkin 
did before,® that rhythm is a major, if not the major, component in esthetic 
evaluation, A simple comparison between rhythmic statements and fully or- 
chestrated musical excerpts would offer further refinement of this hypothe- 
sis. In addition, the presence or absence of an interactional relationship be- 
tween the natural, physiological rhythms of the body and those portrayed in 
musical composition might be investigated. Some of the work on physiologi- 
cal responses has already suggested that certain musical rhythms may evoke 
predictable changes in ongoing physiological processes.’ Although our study 
would seem to indicate a general esthetic quality regardless of the listener's 
internal rhythms, whether or not the ongoing natural rhythmic (physiologi- 
cal) processes interact with musical rhythm to affect perceived esthetic qual- 
ity was not directly investigated. 


* Hevner, op. cit, this JOURNAL, 47, 1935, 103-118; A. L. Sopchak, Individual dif- 
ferences in E nses to dierent types of music, in relation to sex, mood, and other 
variables, Psychol. Monog., 69, 1955 (No. 396), 1-20. | 

^R. I. Henkin, A factorial study of the components of music, J. Psychol., 39, 1955, 
161-181; A reevaluation of a factorial study of the components of music, jbidu 
43, 19 -306. 1 

D S "e frets of music on respiration and heart-rate, this JOURNAL, 65, 
1952, 39-47; Henkin, The prediction of behavior response patterns to music, J. 
Psychol., 44, 1957, 111-127; E. W. Weidenfeller and G. H. Zimny, Effects of music 
upon GSR of depressives and schizophrenics, J. abnorm. soc. Psychol, 64, 1962, 
307-312; G. H. Zimny and E. W. Weidenfeller. Effects of music apoa GSR of 
children, Child Developm., 33, 1962, 891-896; Effects of mušic upon G: R and heart- 
rate, this JOURNAL, 76, 1963, 311-314. 
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Thus, in addition to demonstrating the measurement and heuristic value 
of the semantic differential technique, the results of the present study ap- 
pear to point to some sort of intrinsic esthetic component to musical com- 
position, which is discernible by both the sexes. The fact that musical train- 
ing does not affect esthetic evaluation (at least with the pieces evaluated, if 
not with the periods of music represented) might indicate that while musi- 
cal training broadens and sharpens one's ability to detect and perform the 
technical aspects of music, it neither enhances nor greatly disrupts a natural 
propensity for the recognition of musical esthetic quality. 

Colgate University WILLIAM E. EDMONSTON, JR. 


AN ANALYSIS OF DATA GATHERED BY THE 
=  STAIRCASE-METHOD 


An experimenter E has three options in analyzing data gathered by the 
staircase-method. First, he may treat the data as gathered by a modified 
method of constant stimuli and select as the threshold or point of subjective 
equality (PSE) the equivocal stimulus, i.e. the stimulus which draws posi- 
tive and negative responses with equal frequency. Secondly, he may treat 
the data as gathered by a modified method of limits and take each change 
in judgment as a crossing of the momentary threshold or PSE. These 
momentary values are averaged over the session. Third, he may take as 
the threshold or PSE the average of the stimuli delivered to $.? In comput- 
ing the average, each stimulus is weighted by its frequency of presentation. 
In all cases, but particularly in the third, the results of initial trials may be 
discarded to prevent the choice of the initial stimulus from influ- 
encing the final measure. In most cases, the three methods of analysis yield 
like results and E may choose whichever method is most consonant with 
other experimental requirements. ; 

When the staircase-method is used in combination with a forced-choice 
procedure, the three methods of analysis may not agree precisely. The stimu- 
lus, or combination of stimuli, to which $ responds positively and negatively 
with equal frequency is the stimulus with the highest expected frequency 
of presentation. The expected distribution of stimulus-presentations is, how- 
ever, skewed toward lower stimulus-values because the probability of a 
correct response at low values never goes below chance. Consequently, the 
average of the distribution may be lower than the value at which positive 


a T m Cornsweet, The staircase-method in psychophysics, this JOURNAL, 75, 1962, 
Ibid., 485. . 
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and negative responses occur with equal frequency. Similarly, the average 
of the momentary thresholds may also be lower than the latter. 

To evaluate the importance of these discrepancies, E needs to know: 
(1) the typical magnitude of the differences; and (2) whether the differ- 
ences will affect comparisons among experimental conditions when the same 
method is applied to all conditions. To provide some information on these 
points, we conducted an experiment using a forced-choice procedure and 
analyzed the results by all three methods. S's task was to indicate in which 
of two positions a blurred contour was presented. The degree of blur was 
varied from one condition to another. We used the forced-choice procedure 
developed by Heinemann. Each trial consisted of two presentations and 
the trial was scored as positive if $ responded correctly on both presentations. 
Each series consisted of 60 trials, but only the last 40 trials were analyzed. 
Stimulus-intensity was varied in steps of 0.05 log units. A total of 48 series 
was conducted: 2 series by each of 2 Ss under 12 conditions. The data from 
each series were analyzed by all three methods. In selecting the equivocal 
stimulus, we discarded percentages based on less than 5 trials. Medians were 
used as the averages of the momentary thresholds and of the stimulus- 
distributions. The average difference between thresholds based upon the 
equivocal stimulus and the median of the stimulus-distribution was nil, but 
thresholds derived from the momentary thresholds were significantly lower. 
The median of the momentary thresholds was lower than the equivocal 
stimulus in 31 of 40 cases of disagreement (X? = 8.9, df = 1, p < 0.01) 
and lower than the median of the stimulus distribution in 34 of 41 cases of 
disagreement (X? = 12.1, df = 1, p < 0.01). The mean difference, how- 
ever, was only 0.04 log units. Further, the thresholds derived by the three 
methods were highly intercorrelated: the correlation coefficient was 0.98 
for each of the three possible comparisons. 

The fact that the analysis of momentary thresholds gave lower thresholds 
indicates that, in our experiment, S tended to make more reversals when 
doing well than when doing badly. This finding is probably unrelated to 
the theoretical expettations described above. 

We conclude that the three methods of analysis yield substantially the 
same results. That the expected differences were not demonstrable testifies 
to the efficiency with which the staircase-method restricts stimulation to a 
small range on either side of the equivocal stimulus, As Cornsweet has 


2E, G. Heinemann, The relation of apparent brightness to the threshold for dif- 
ferences in luminance, J. exp. Psychol., 61, 1961. 392-393. 
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pointed out, this characteristic of the staircase-method is its major ad- 


vantage.* 
University of California SHARON FEENY 
Los Angeles PETER K. KAISER 


James P. THOMAS 


THE STAIRCASE-METHOD CRITICALLY EXAMINED 


The "staircase-method" evaluated bysFeeney, Kaiser, and Thomas in the 
preceding Note was proposed as a psychophysical method by Cornsweet in 
19623 It is, however, not new. Variations of it have long been used in 
technology for fitting eyeglasses and in testing hearing. It has never before, 
however, been seriously proposed for use in science. The reasons are, not 
far to seck. They rest upon the nature of the problem and the interests of 
the investigator attempting the solutions. 

Psychophysics is an old science. It is credited as being the first approach 
to an experimental psychology. Fechner, its father, dates its beginning be- 
fore Weber to Delezenne in 1826;? Lipps, to Lambert and Boager in 1760;° 
and Titchener pushes the date back to Sauver in 1700 and writes that there 

ere "many brave men before Sauver." Throughout the history of psycho- 
physics, the workers in the field were characterized by James as "men who 
could not be bored,"5 whose chief interests were ‘facts’ and the improve- 
ment of the methods and techniques of obtaining them. Accuracy, not time, 
was of the essence. Researches were continued over days, weeks, months, 
and even years. Errorless techniques were sought that facts would be ob- 
tained. 

In fitting eyeglasses and determining hearing losses, time is very much a 
factor. An oculist, for example, cannot devote an afternoon to determining 
the prescription, to say nothing of a day or week. To maintain his practice, 
he must be brief. Cornsweet's method is brief. It is a rough and ready adap- 
tation of the method of limits, or minimal changes, as Wundt calls it,ê in 


1 Cornsweet, op. cit., 488-489. 
T m Cornsweet, The staircase-method in psychophysics, this JOURNAL, 75, 1962, 
* G. T. Fechner, Elements der Psychophysik, 1859, I, 73. 
*G. F, Lipps, Die Meet des - mer 
Aca. 2 Poe 154-158. 
. B. Titchener, Experimental Psych à itati iments, Part ii, 
Inga Manual cts DU. sycbology, II. Quantitative Experiments, Pari ; 
illiam James, Principles of Psychology, I, 1890, 192. 
LS ee ee zh Physiologischen Psychologie, 4th, 1893, 336 f. 


experimentelles Psychologie, Arch. ges. 
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which all the observational ertors'—constant, variable, and accidental—are 
ignored or overlooked. The errors exist and they cannot be avoided by 
closing one’s eyes to them or wishing them away. They must be considered 
and avoided or we shall fall into them. S 


The constant errors, time or space, and sometimes both, are present in many 
experiments. They are controlled or avoided by changing the order in which the 
standard and variable stimuli are given 5. Now, the standard comes first and then 
the variable, and then the experiment is repeated with the variables first and the 
standard second. Cornsweet makes no provision for these errors. He could easily have 
done so, but not without greatly lengthening his method. 

A careful psychophysicist seeks to remove or to minimize the variable errors— 
practice, fatigue, expectation in its two forms, and babituation—by the arrangement 
and presentation of the stimuli. The longer O serves, the more practiced and the 
more fatigued he becomes. Practice and fatigue thus work against each other and 
fatigue will in part be eliminated by frequent rest-periods. Cornsweet could adopt 
this procedure, but again not without greatly increasing the length of his method. 

The stimulus-series in the classical method alternate between descending and 
ascending, from 4-12 steps in length, being divided approximately equally among 
long, medium, and short series, O is not informed of the starting point, but is told 
the direction of the series—i.e, descending or ascending. Easy judgments are thus 
interposed among the difficult, stabilizing the O and causing him to concentrate his 
attention at critical points, as they are approached. At the beginning of a series, O is 
set for and is expecting a change. He is in the habit of reporting ‘change’ at the start 
and is predisposed to expecting that the ‘change’ is a few steps away. Thus, ‘habitua- 
tion’ works in the same direction as one form of ‘expectation’ and in the opposite 
direction to the other form. Whatever effect they have on one another is further 
reduced when the results of the paired series are combined. In the descending and 
ascending series they work in opposite directions. Series of small steps of different 
lengths is the essence of the method. Cornsweet, however, recommends that “the 
size of the steps be so selected that no more than two, three, or four like responses 
are made before a reversal of the response occurs.”* He introduces a new error in 
the procedure without offering a means of avoiding it. Os will soon acquire the habit 
of responding after a given trial. 

In addition to the constant and variable errors mentioned, the experiment is also 
subject to accidental errors which arise from the fluctuation and distraction of atten- 
tion; from variations in O’s mood and state of health; from E's errors in manipula- 
tion of the apparatus; and from other physical disturbances. These accidental errors 
are best counterbalanced by frequent repetition of the series. Fifty paired series 
averaging 16 experiments per pair (800 in all) are not an excessive amount for work 
in science. Apparently, a preliminary run of 8-10 trials and an experimental run of 
15-20 trials—23 to 30 trials in all—meet Cornsweet's ideal.” 


" For the observational errors see: Titchener, op. cit, Instructor's Manual, 99-136; 

Student's Manual, 1905, 55-65; J. P. Guilford, Psychometric Methods, 1936, 116 ff. 
| Cornsweet, op. cit, 486. 
Cornsweet, op. cit., 487. 
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The method of calculating the data obtained —the RL, DL, or PSE—has 
varied considerably over the years. At one time, the terminal values of the 
separate series were averaged; at another time, the first stimulus-values of 
two consecutive changes were averaged. At a still later period, interpolated 
values between the last two reports of a series were averaged; that is, the 
values between the last ‘+’ and the first '—' of a descending series and the 
last '—' and first ‘++’ of an ascending series. This was done because neither 
of these reports, at the particular moment given, was at the limen. It stood 
somewhere between them. The interpolated value was theoretically closer 
to the limen than either of the others. Interpolation did not change the value 
of the limen, but it did affect the SD. If the descending and ascending se- 
ries interlaced, the SD was reduced; if they separated, the SD was increased. 

“Doubtful judgments” reported during the course of an experiment have 
been variously received. Some experimenters accepted them as marking the 
limen; others refused them, requiring their Os to make a ‘forced choice’; 
that is, to report a ‘doubtful’ positively as ‘+’ or ‘—’.1 This ‘forced choice" 
was continued by many investigators until S. S. George, in 1916, investi- 
gated the problem of the ‘doubtful’ judgments and showed that they dif- 
fered in kind from ‘positive’ judgments of ‘greater,’ ‘equal,’ or ‘less,’ and 
that they should be excluded from the psychophysical computations. 
‘Forced choice’ solves nothing, and an O forced by E to alter a ‘doubtful’ 
judgment, to report ‘greater,’ ‘equal,’ or ‘less,’ will oblige, but he is power 
less to alter the fact that it was originally ‘doubtful.’ A much better way of 
removing ‘doubtful’ judgments from consideration—which is the purpose 
of ‘forced-choice’ procedure—is either for the E to say nothing and imme- 
diately to repeat the ‘doubtful’ experiment or, if doubt occurs again at the 
subsequent trial, to interrupt the series, declare a rest-period and then, after 
a brief rest, begin that particular series over again. If doubtful judgments 
still persist, E should declare a holiday ; he has pushed his O enough for that 
time and period. 

The search for short-hand methods in technology is laudable enough, but 
it is entirely out of place in science, where new trails are being blazed and 
attempts are made to reduce and to eliminate all of the errors of observation. 
Ease and convenience are poor experimental guides. 

University of Texas Kart M. DALLENBACH 
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George Humphrey: 1889-1966 


George Humphrey was born July 17, 1889, in England, in the County of 
Kent. In due course he went up to the University of Oxford where he was 
graduated, with high honors, in mathematics, the classical languages, and in 
philosophy. Then, with a scholarship to help, he studied psychology in 
Leipzig, where Wilhelm Wundt still “held undisturbed his ancient reign.” 
Upon Humphrey, as upon many ethers, Wundt made a great and lasting 
impression, and did much to set the main stream of his life. Following this, 
George went to America, where he engaged in a number of varied teaching 
jobs. He acquired a Ph.D. at Harvard in 1920, and went immediately to 
the Wesleyan University, where for four years he worked with Raymond 
Dodge, for whose experimental eminence he retained the greatest respect 
and admiration to the end of his life. 

In 1924, Humphrey became Charlton Professor of Psychology at Queen's 
University, Ontario, There he continued, with occasional visits to Europe, 
particularly to England and Cambridge, and to the U.S.A., until 1947. He 
developed at Queen's a highly successful psychological laboratory, and dur- 
ing the Second World War, he took an active part in directing much ex- 
perimental and personnel research for the Canadian Army. 

In 1947, St. John's College, Cambridge, established a "Dominion Fel- 
lowship," and Humphrey, already well known and liked at St. John's, be- 
came the first Dominion Fellow. He took up residence in the Long Vaca- 
tion, but before the beginning of the Academical Year 1947-48 Oxford 
University decided to have an honors school in psychology, philosophy, and 
physiology, with a Professor to run it. Humphrey became that Professor, 
and, until his retirement in 1956, he lived and worked at Oxford, building 
à department of psychology based firmly upon an experimental foundation. 
He persuaded the University to establish the Oxford Institute of Experi- 
mental Psychology in 1948, and became its first Director. He did not al- 
ways find the way df the psychologist at Oxford easy, but he worked with 
unremitting devotion, and subsequent developments have shown that he 
built both wisely and well. 

After his retirement, he gave lectures in Germany for the British Em- 
bassy. Then he lived for a while at Hove in Sussex, but the pull of Cam- 
bridge, where he had always felt happy and "at home," was strong, and it 
was there, once more officially welcomed by St. John's, that he spent the last 
years of his life, full of activity and with many friends near at hand. 

Besides writing many articles and reviews, Humphrey produced eight 
books on psychological topics and, as "Donald MacPherson," two novels 
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which won him considerable success. His psychological books were in 1923, 
The Story of Man's Mind; in 1932 a translation (with Muriel Miller, his 
first wife) of Itard's The Wild Boy of Aveyron; in 1933 The Nature of 
Learning; in 1948 Directed Thinking; in 1951 Thinking: An Introduction 
to its Experimental Psychology; in 1963 (as co-editor) Social Psychology 
through Experiment; in 1963 (also as co-editor) Psychology through Ex- 
periment; and in 1963 (with R. V. Coxon) The Chemistry of Thought. 

Of these volumes the major contributions are his study of learning and 
his description and analysis of experiraents on thinking processes, which 
mainly concerned the work carried out by Kiilpe and his associates at 
Wiirzburg. Both these works are analytical in a constructive manner, dis- 
playing a wide and accurate knowledge of their subject matter, and a strong 
grasp of their underlying philosophy. Humphrey did not himself plan,and 
carry out any original major experimental research, but his knowledge of 
psychology in almost all aspects was great, his judgment firm, his writing 
clear and elegant, and the bent of his mind positive. These two books espe- 
cially will always remain readable and ought to continue to be read. 

Humphrey's two novels, published in the late 1930's under the assumed 
name of George MacPherson, were Go Home Unicorn, and Men are Like 
Animals. They appeared, as will be seen, when Freudian influence in psy- 
chology was tremendous, and both bear some witness to the effect of the 
period. In completing the whole picture of Humphrey and his achievements 
they must not be forgotten, for they illustrate his insight into human be- 
havior, his lively but controlled imagination, and his power with words. 

He was twice married: first to Muriel Miller in 1918, and then, in 1956, 
to Berta Hochberger, who worked with him during his post-war lectures in 
Germany. He was a man a bit above normal height, neat, active, very 
friendly; but also, on occasion, unyielding, and a good companion. 

After a brief illness, George Humphrey died at Cambridge on April 24, 
1966. 

Cambridge University F. C. BARTLETT 


BOOK REVIEWS 
Edited by T. A. RvAN, Cornell University 


Philosophical Problems of Psychology. By EpwARD H. MADDEN. New York, 
Odyssey Press, 1962. Pp. vii, 149. 

The author of this modestly-sized 4nd modestly-spoken volume offers a set of 
philosophical essays that should be of considerable interest to psychologists. He has 
examined specific critical assumptions on which some important psychological sys- 
tems rest, and in discussing them he also takes issue with previous philosophical 
criticism of these concepts. Madden has no mind to examine each of these conceptual 
systems in its entirety, but limits himself to some of the premises and pivotal 
assumptions. It should be said at once, however, that he Ùsually succeeded in ap- 
prehending the crucial or central issues of Gestalt and Learning Theories, of 
Verstehende Psychologie and Psychoanalysis, which are his topics. In all these 
instances his aim is to clarify "the logical structure of explanation in psychology 
and of separating scientific and philosophical discourse where they have been in- 
advisably joined." 

Concerning Gestalt psychology, Madden shows on the hand of the Newtonian 
problem of m-bodies that Wertheimer's hypothesis "the whole is more than the sum 
of its parts" does not hold up unequivocally if interpreted as emphasizing configura- 
tion or pattern over elementals. In other words, what he describes can also be ac- 
complished in analytical (j.e. elemental) terms. The investigator, says Madden, only 
"must continue to add constituents to the initial description until he can state a law 
enabling him to predict subsequent conditions." Thus he questions Wertheimer's 
famous example of the melody which sounds the same even though transposed to 
another key: description of elemental conditions and the unabashed use of “and,” 
according to Madden, would, at least in principle, not be inadequate or “too ele- 
mentristic" to accomplish the task. 

To Madden’s apt analysis one must, however, add two conditions. One is the 
fateful distinction as to where configuration enters into the picture. Do we perceive 
the world in configurational terms, or is physical reality itself constituted according 
to Gestalt principles? In other words, Gestalt psychology may be conceived along 
more subjective or mote objective lines. Köhler at one point chose to extend Werthei- 
mer's perhaps more subjectivist hypotheses onto the physical world at large, thereby 
creating a mythology of nature, in essence not too different from the grand con- 
structions of the Renaissance philosophers and, later on, of Schelling and his school. 
Madden takes up this question again in the third chapter of his book, Against his 
rule of completeness as stated there one might, however, argue that completeness is 
only approximated but never reached unless the psychological event under study is, 
after all, formulated in configurational terms. Precisely this formulation brings in— 
even though by the expedient of a slightly irrational leap—that which can not be 
described by "and" operations. Madden makes his point by recourse to physical 
examples, that is, idanimate objects. He doesn't really examine an act of perception, 
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let alone more complex behaviors such as Goldstein and Lewin chose to study, The 
rejoinder to Madden's logical analyses might be that the principle of configuration 
has to be understood in proportion to the complexity of a problem which, as in an. 
infinite regression, escapes the final grasp of the investigator while it is being 
examined, 

Madden devotes a whole chapter to the knotty problem of isomorphism. As in his 
previous analyses he stays close to the logic of the problem and does not allow him- 
self to be drawn into specific psychological questions—which is, in fact, the level on 
which such concepts need to be examined— preferably before they have become part 
of the dogmatic underpinnings of a scientific enterprise or "school." Empirical in- 
vestigation will show whether a set of concepts or basic hypotheses has pragmatic - 
usefulness in organizing the data of observation or not. The logical structure of 
concepts, on the other hand, is a subject for which the philosopher is better qualified 
than the psychologist—especially if, as in Madden's case, he has knowledge of math- 
ematics and physics. Madden's argument against isomorphism is too complex to bear 
repeating here. Let me only report that isomorphism does not come off too well in 
the end, Madden approaches the problem from a logical point of view. After reading 
him it occurred to me that, from an epistemological point of view, reasons could be 
added why isomorphism should be relegated to the less fruitful speculations of 
psychology. Madden also calls to task the phenomenological dualism on which Ges- 
talt theory rests. He points quite correctly to the confusion between a scientific and 
an epistemic hypothesis. The former “has already accepted what constitutes the valid 
basis of knowledge irrespective of the causal genesis of that basis"—that is, the sci- 
entist's empirical labors can not possibly establish the durability of the axioms on 
which his observations are scheduled to rest. Madden refers then to the Gestalt psy- 
chologist argument about the irreducibility of the behavioral environment (that is, 
whether perceptual groupings can, or can not, possibly be the result of learning) and 
relates it to the primary argument of the Gestalt school against Wundtian elemen- 
tarism. 

Tn this connection, Madden also deals with ‘understanding’ based on Einfiiblung 
and shows that on purely philosophical grounds empathy is neither a necessary nor 
a sufficient condition for understanding, which in the end always has to rely on a 
more objective kind of observation, The claim of "understandability" in this specific 
sense does not tell us any more about the subject under investigation than we would 
have known before, although it does tell us something about the investigator. 

So far so good. Up to this point Madden is incontrovertible. If anybody were to 
argue seriously that social and environmental factors are useless in psychological 
explanation, he would surely tempt us not to take bim seriously. The problem lies 
deeper, however: the talk about empathy does not explain how the individual should 
have succeeded thereby in making the jump from his own subjective inner experi- 
ence to that of the other person's. What we call empathy is not a mysterious faculty 
or, at any rate, it does not help us when we leave it as that. It is in point of fact a 
rather inexact, grab-bag name for a series of complex conditions in the development 
of the individual self, such as identification, projection, and self-differentiation, upon 
which at least the more complex events of “understanding” between people rest. A 
detailed analysis of processes of “understanding” on that basis would show why 
people actually understand each other as well as they sometimes do; but also why 
they so persistently mistake each other's intentions. 


BOOK REVIEWS 661 


Now to psychoanalytic propositions. When philosophers examined psychoanalytic 
propositions the usefulness of their criticism has frequently been reduced by certain 
elementary shortcomings. It is notably difficult to discuss the achievements or faults 
of psychoanalysis without some familiarity with its empirical operations. If a physi- 
cist would say the same thing about physics nobody would have the cheek to disagree 
with him, Oddly enough this is not so with psychoanalysis. Most of its critics have 
little idea of how it really works, but must have thought themselves fully equipped 
in spite of it—or, maybe, because of it—to castigate both its theory and practice, I 
wonder whether one can judge any science by merely reading about it; psychoanalysis, 
at any rate, is peculiarly unsuited fore this approach. Moreover, by the very nature 
of its subject psychoanalysis is especially prone to cause the reader misgivings of a 
more personal sort even before his intellectual scruples have been roused—a fact to 
which Freud has devoted several thoughtful essays. Madden's virtue consists first of 
all in being keenly aware of all this, which can not be said of many of the philoso- 
phers who participated in a symposium on this subject to which he makes extensive 
reference. He points out that the lack of predictive capatity, a popular argument 
against the scientific status of psychoanalysis, does not deprive psychoanalytic propo- 
sitions either of meaningfulness or the prospect of confirmation. To this I would 
add that predictability cannot be set up as a postulate æ prior? in any case. It would 
make little sense to speak of it in other than pragmatic terms, that is, in terms of 
what can be reasonably hoped to be predictable. Under these auspices it would not 
be warranted to make exacting demands of psychoanalytic propositions when no 
other theory of personality can do appreciably better. To those who would point to 
"experimental evidence" one would have to reply that it is apparently much less 
feasible to predict events in the immense, and largely obscure complexity of on-going 
life processes than variables in the limited confines of a controlled experiment. 
Furthermore, the idea of prediction has mostly been defined in terms of experimental 
situations. One of the several problems of prediction to which not enough attention 
has been given is that of ordinary or historical time, It would add a relevant per- 
spective to the debate if, for example, an investigator would claim that within a 
year an individual will show a marked change of behavior—in his attitudes, his 
affects, in his response to others; but if he would stipulate at the same time that it 
is neither possible to state when exactly this change will occur nor what its practical 
scope will be. For change will, of course, not only depend on the individual in ques- 
tion but on the vicissitudes of his life continuously affected as they are by his health 
and his environment, including large-scale social and political events which in them- 
selves are utterly unpredictable, That, precisely, is the condition of predictions in 
psychoanalytic psychotherapy. 

“The upshot of this long discussion," Madden concludes, "is this: critics are not 
successful in showing that analytical hypotheses are simply mot confirmed. . , . They 
are, in my mind, sufficiently confirmed to make psychoanalysis a perfectly respectable 
proto-science." 

Madden examines further the concept of unconscious motivation and rejects it at 
least inasmuch as it presumes to refer to specific psychological entities, that is, when 
it postulates the existence of some specific motivational force affecting behavior and 
mood without being itself conscious. He believes that analysts have insisted on the 
ontological reality of such a concept because the suggestion of relegating it to the 
status of an intervening variable seemed to reduce it to a mere verbal transposition, 
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a convenient redefinition which contributes nothing new. Madden proceeds then to 
show why an intervening variable (again, at least in principle) need not add any 
less to our understanding then a hypothetical construct. Madden may overrate the 
logical sophistication of many analysts when they refer to unconscious motivation; 
but he also underrates the number and persuasive force of incidents which make it 
so difficult to dispense with that concept in the somewhat improvised yet highly 
sophisticated laboratory of psychotherapeutic operations. People in therapy do really 
discover someday that they have been hating an important person in their life all the 
time; or that they have been silently prompted by unconscious guilt to do, or abstain — — 
from doing, a great many things. In the liglit of such a disclosure it is difficult to 
think of an explanation that stays clear of unconscious motivation. On the other hand, — 
if we call it an intervening variable we really have not done more than give a — — 
promissory note on an explanation yet to come. I believe myself that the term wr- 
conscious is used too broadly in psychoanalysis. Sometimes ideas which are usually 
referred to as unconscious can be shown to have come to a dim and fleeting aware- 
ness, sensed and quickly glossed over by the perceiving self; but the relevant connec- 
tion between them is established only when it is pointed out, or “interpreted,” by the 
therapist. But then there still are events in the forgotten imagery affecting current 
symptoms which do not really fit this schema. 

Finally, Madden gives an extensive discussion of the issue of determinism and re- 
sponsibility. Madden concludes that psychoanalysis neither supports ethical determi- 
nism nor “establishes common-sense self-determinism and so salvages the notion of 
moral responsibility,” though he seems to have a little more sympathy with the latter 
point of view. At any rate, “whether the issue the determinist raises is real or spuri- 
ous, psychoanalysis has nothing to do with solving or dissolving it." Madden pro- 
ceeds then to argue against the McNaghten rule and the present ambiguities of legal 
responsibility; but while his plea is both warm-hearted and humane it also tempts 
him to leave the secure position of the philosophical arbiter and to involve himself 
in practical suggestions far beyond his scope. The reader, while sympathetic to his 
point of view, still wishes that Madden had stuck to his logical guns which he han- 
dles so effectively. In fact, the end of the book and occasional touches of awkward- 
ness in the presentation of subtle, if not rarified points of view comprise most of 
the criticism I have to offer. Disagreement does not belong in this score; for even 
where he disagrees the reader will appreciate the clarity and good sense with which 
Madden has set up the problem for him. 

University of Michigan FREDERICK WYATT 


ESP: A Scientific Evaluation. By C. E. M. Hanser with an introduction by Eowin 
G. Borno. New York, Charles Scribner's Sons, 1966. Pp. xxi, 263. $6.95. 

What is wrong with parapsychology? Why, after all these years, has it made so 
little impact on scientific thinking and on scientific psychology? Of one thing at least 
we can be certain: Either the phenomena in question are extremely elusive and un- 
stable or there are no such phenomena. Most of those who have pondered this dilem- — 
ma have found it hard to reach any definite conclusion, one way or the other. Not so 
Professor Hansel, a British psychologist who has for long enjoyed the reputation of 
being among the boldest and most relentless of the skeptics. He is, it would seem, 
singularly free from doubts. Somehow he knows that ESP is impossible and his only 
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problem is how best to explain away the evidence. This book is the fruit of his 
endeavors. Opinions will differ as to how far it succeeds, but there can be no deny- 
ing its singleminded tenacity. Crowned with an introduction by Boring, it is likely 
to become the standard reference for all who seek to justify their rejection of the 
paranormal, 

The case against ESP can be summed up by means of three propositions: (1) that, 
by and large, the more stringent the conditions of observation and control the less 
frequent and impressive the phenomena; (2) that experimental findings are seldom 
confirmed and predictions made from them seldom fulfilled; and (3) that the phe- 
nomena are such as readily lend themselves to trickery of various kinds and there has 
never been any lack of dishonest people to take advantage of this fact, Hansel is 
adept at using each of these three prongs as required, but it is in connection with the 
third that he really comes into his own. His audacious imputations of deliberate cheat- 
ing as a possible counter-hypothesis to ESP are what give the book its special flavor 
and. originality and are what will attract the major share of attention. 

Since it would not have been possible to deal exhaustivély with all the evidence 
that purports to demonstrate ESP, Hansel adopted the legitimate expedient of con- 
centrating his critique on a few experiments which, by common consent, are regarded 
as evidentially the most compelling. Four investigations are selected as meeting this 
criterion and they are analyzed in some detail in Chapters 7, 8, and 9 which thus 
constitute the core of the book. In each case the author's solution of the mystery fol- 
lows similar lines: one or more parties to the investigation cheated so as to have 
deceived the rest. In one case, it was the subject who was the culprit; namely Hubert 
Pearce (then a student of divinity, now a Methodist minister) ; in another, it was one 
of the experimenters, namely J. L. Woodruff (a respected member of the A.P.A.); 
while in the remaining two investigations, a whole conspiracy is postulated, its cen- 
tral figure being S. G. Soal (then a professor of mathematics at London University, 
now retired), 

In evaluating Hansel's contribution, certain points must be kept clearly in mind. 
First, the author has been unable to unearth anything incriminating regarding any of 
these individuals; nor is he able to suggest any adequate motive that might have in- 
duced any of them to commit such an outrage. The only grounds for suspicion are 
the results themselves, Indeed it does not seem as if even the author regards his 
conjectures as having any psychological plausibility for, in the final chapter of the 
book, he falls back on the abstract Humean argument that, in the last resort, fraud is 
always and necessarily more credible than miracles. What Hansel has done, and with 
remarkable ingenuity,is to have demonstrated that, given sufficient skill and deter- 
mination, a trick could have been worked, From this he rightly concludes that these 
experiments can no longer be regarded as foolproof, But the reader is unlikely to be 
satisfied with being told that cheating could have occurred, the interesting question is: 
did it occur? 

Of special interest in this connection is Hansel's treatment of Soal, To fit his 
thesis, Soal has to be cast in a triple role: first as the cautious researcher of the pre- 
war years ("by 1939 Soal had shown himself to be a careful and critical investi- 
gator”), then as the sinister figure who between 1941 and 1946 was engaged in 
laboriously manufacturing evidence for telepathy in collusion with his two star sub- 
jects and a number of the agents (has Hansel ever stopped to consider what appalling 
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risks a man in Soal's position would have to face when making the initial overtures? 
After all, neither Shackleton nor Mrs. Stewart was known to him beforehand). 
Finally, we have the pathetic Soal of the post-war years, the innocent but gullible dupe 
of two Welsh schoolboys and their rapacious family. One might have supposed that, 
if Hansel were correct and the only ‘telepathy’ that Soal had ever witnessed prior to 
meeting the Jones boys was of his own contriving, he would be the last person to 
fall a prey to their machinations, And just how gullible was he? Certainly, he cannot 
be blamed for not realizing that the boys might have been communicating by means 
of an ultrasonic whistle that would be inaudible to their elders. Of the many persons 
whom Soal invited to watch the boys in actioa, some with long experience of this 
sort of thing, no one hit on this possibility, not even Mr. Salvin of the ‘Magic 
Circle’ who was reputedly the foremost authority in Britain on pseudo-telepathic 
codes. In fact, the credit for this suggestion goes entirely to Hansel himself. The 
tragedy of it was, however, that he was so tardy in coming forward with it that, by 
the time he and Christopher Scott went down to Wales to test the boys in Match 
1959, they had not been “scoring for the past two years! Yet this in itself calls for 
comment. For if Hansel is right in suggesting that the boys had simply found an 
easy way of mulcting Soal of his money, why had they desisted so long before the 
game was up? 

The remainder of the book is a general survey from the early days of the London 
S.P.R. to recent developments in America and Europe, ending with a quick glance 
across the Iron Cultain. Throughout, one detects a tendency to gloat over the more 
discreditable episodes and there is a notable lack of appreciation of the peculiar diffi- 
culties with which pioneers in this field have to contend, but it all helps to build up 
the case for the prosecution. The immediate effect of the book can only be to lower 
still further the prestige of parapsychology with the scientific community at large 
but, if parapsychologists prove capable of rising to Hansel's challenge, its long-term 
effect may be just the reverse. Hansel cannot be overthrown, however, by perpetuating 
the debate over bygone events; only the production of new and better evidence can 
do that. Lately, it has become something of a cliché among parapsychologists to say 
that too much time ‘has already been spent on the vain attempt to satisfy the deter- 
mined skeptic and that efforts now be directed toward elucidating the nature 
of ESP. Hansel's book has at least convinced me that this is dangerous complacency. 
I fully agree with him that a renewed attack on the evidential question using the full 
resources of modern automated techniques would be abundantly worthwhile, what- 
ever the outcome. 

University of Edinburgh > JOHN BELOFF 


Behavior in Uncertainty and Its Social Consequences. By JOHN COHEN. New 
York, Basic Books, 1964. Pp 207. $5.50. 

5 Life is a gamble. You gamble when you walk across the street, buy a lottery 
ticket, attempt suicide, try to score in football, or drive a car along the highway. 
Professor Cohen draws on a diverse array of experimental results, statistical evidence, 
and common sense in his exploration of these and other behaviors that constitute 
gambles. He discusses decision-making in a variety of everyday tasks, and does so in 
an interesting, readable manner that can be enjoyed by the non-specialist. 

The book begins with a series of abstract experiments which illustrate the impor- 
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tant distinction between the pre-decisional process of assessing evidence and the 
actual selection among alternative courses of behavior, a distinction analogous to 
the contrast between thinking and deciding what to do. Unfortunately, the results of 
these abstract experiments are so complex that no simple principles emerge, perhaps 
because a typical paradigm for this class of experiment results in an investigation 
of subjective biases due to variables with little theoretical linkage. Take, for ex- 
ample, the following: Would you rather try to draw a winning ticket from a source 
containing 9 winning tickets in a population of 10, or from a source containing 90 
winning tickets in a population of 100? Cohen finds that most subjects prefer to 
draw from the smaller population. This experiment, like so many others associated 
with decision-theory, requires the “subject to choose between gambles so designed 
that an ideal decision-maker would be indifferent between them. The salient but 
theoretically irrelevant variables influence choice-behavior. It seems difficult, however, 
to integrate such effects into general principles, probably because the independent 
variables are not inherently linked to the theory under investigation. 

The next section, a substantial portion of the book, is a, series of chapters on differ- 
ent kinds of social implications of behavior in uncertainty. The topics include na- 
tional lotteries, driving an automobile, suicide attempts, risk-taking in sports, and 
pathological decision-making. For each topic it is the context of the behavior that is 
paramount rather than the development of a psychological decision-theory to account 
for the behavior. For example, the chapter on traffic problems analyzes why traffic 
accidents occur, discusses the relation between alcohol and accidents, and contains 
many suggestions for increasing traffic safety. The chapter on suicide is primarily a 
statistical analysis of the kind of suicides attempted, the various reasons for suicide, 
the probabilities of success, and so on. Each chapter contains a collection of gen- 
eral interest items, but the topic under consideration is relatively insulated from the 
remainder of the book. 

After discussing each topic individually, Cohen pauses to "knit together the many 
threads . . . into some more coherent pattern.” This most illuminating chapter is an 
exploration of the historical, intellectual development of the elusive concept of ran- 
domness. The discussion begins with notions of randomness pitted against the phi- 
losophy of determinism and traces the resulting emergence of the theory of probabil- 
ity. It distinguishes between mathematical probability, psychological probability, and 
subjective probability, and then points out that the diversities of the behavior in the 
preceding chapters were all “undertaken with subjective uncertainty as to the out- 
come." Cohen follows the lead of other psychological decision-theorists in introduc- 
ing subjective value (utility) as well as subjective probability to explain behavior 
in uncertainty. The idea is that there is both a subjective probability and a subjective 
value attached to each of the consequences of an act. These are substituted for mathe- 
matical probability and value in the framework of decision-theory. According to de- 
cision-theory, rational behavior requires that one choose the act that maximizes ex- 
pected value: the analogous principle with the subjective dimensions is to maximize 
subjectively expected utility. It is this principle that Professor Cohen proposes as a 
provisional model for integrating the diverse topics of the preceding chapters. 

The maximization of subjectively expected utility is proposed as an integrating 
model, but what specific principles of the diverse array of behaviors are accounted 
for by the model? For example, what characteristics of subjective probability and 
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utility do you think lead persons to drink before driving, to buy a lottery ticket, or 
to attempt a goal from too great a distance? In what ways does a person attempting 
suicide maximize subjectively expected utility? Why does the obsessive compulsive, 
who is “the world’s champion splitter of hairs,” remain so long in the pre-decisional 
phase that he rarely decides to act? Professor Cohen has left the important task of 
integration up to the reader, a challenging task indeed. 

In sum, this is an interesting book; its significant scientific contribution resides in 
pointing out a wealth of problems that may be interpretable within the proposed 
framework. Much integrative effort is necessary, however, before this contribution 
can have an important impact on experimental and theoretical aspects of psychologi- 
cal decision-theory. 

University of Michigan CAMERON R. PETERSON 


The Challenge of Response Sets. By JACK BLOCK. New York, Appleton-Century- 
Crofts, 1965. Pp. vi, 142. $5.00. t 

Paradoxically, the Minntsota Multiphasic Personality Inventory (MMPI ) has been 
recently singled out for criticism on the dual grounds of prying into private areas of 
personality and failing to do so. While outraged citizens (Ss) have publicized 
invasions of privacy, advocates of “response set” (Es) have attempted to demonstrate 
that the MMPI measures little more than test-taking habits which operate indepen- 
dently of petsonological content. Although the instrument could hardly be guilty on 
both counts, it steadily has been losing both public and scientific favor. Distinguished 
psychologists were quick to defend the MMPI on the privacy issue, but few have 
risen to the scientific challenge posed by the now popular response-set view. Pro- 
fessor Jack Block is a notable exception and his monograph is most deserving of the 
Appleton-Century-Crofts award it received for distinction in the field of psychology. 

Block defends a substantive interpretation of what is measured by the MMPI 
against two major alternative views, acquiescence and social desirability, Acqui- 
escence refers to tendencies on the part of Ss to agree with personality statements 
regardless of their content, Scales which have a disproportionately high percentage 
of items scored “true” are said to be particularly vulnerable to this response-set. So- 
cial desirability refers to tendencies on the part of Ss to attribute favorable state- 
ments to themselves and to deny unfavorsble statements; again, with little concern for 
the content of the statements. When Ss' endorsements of statements are highly corre- 
lated with the independently-determined desirability of the statements, social desit- 
ability is said to be operative. In recent years, advocates of acquiescence and advo- 
cates of social desirability have found so little challenge in the notion of “content” 
that they have become involved in intramural battles, each group arguing for the 
primacy of its favorite response-set. Declaring a plague on both their houses, 
Block devotes his entire monograph to a refutation of the relatively moderate (for 
this area) statement of Jackson and Messick that “acquiescence, as moderated by so- 
cial desirability, plays a dominant role in personality inventories like the MMPI.” é 
Block's argument is, as he puts it, "involved and prolonged" and more than a casual 
acquaintance with psychometrics, factor analysis, personality theory, and general — 
MMPI lore is required to see it through to the end. Despite the intricacies of argu- 
ment, the exposition is beautifully clear, the data often compelling, and the tone 
remarkably temperate for an area which has suffered from ad hominem innuendos. 


BOOK REVIEWS 667 


Block makes seven separate but closely related points in as many chapters: (a) 
The evidence for the existence of acquiescence response-set is controverted by the 
“admissibility of a content-basis for the results obtained." (b) "Content-relevant 
measures can be constructed which, beyond reasonable dispute, eliminate the possi- 
bility of an interpretation in terms of acquiescence.” (c) "the first two factors of the 
MMPI—the factors held to be due to response sets—continue to exist and in identi- 
cal form when the acquiescence component is completely removed from MMPI 
scales.” (d) "certain intrinsic and in part accidental characteristics of the MMPI 
item pool have permitted the possibility of an acquiescence interpretation ‘to de- 
velop.” (e) The social desirability concept is "found to be of ambiguous import be- 
cause of a confounding of social desirability with equally tenable, characterological 
dimensions of explanation." (f) The construction of a desirability-free measure of 
the first factor of the MMPI unconfounds this dimension and “demonstrates that the 
notion of social desirability is related only adventitiously to a personality dimension 
of fundamental behavioral significance.” (g) The behavorial correlates of the first 
two factors of the MMPI are explored and "found to be numerous, of import, and to 
constellate in accord with previous content-based interpretations of these factors” 
(All quotations in (a)-(g) from Pp. 3-4). 

Block has risen to the "challenge of response-sets and fought a versatile intellec- 
tual battle along two quite different lines of attack. First, he has met the proponents 
of response-set interpretation on their own ground—internal statistical analysis— 
and he has provided a brilliant display of a Black Belt Psychometrician in full battle. 
More important, he has marshalled extensive and impressive external evidence for 
his claims, based on independent and meaningful behavioral assessments. He con- 
cludes: "The validation of a scale is a. process involving spiraling, reciprocal inter- 
play between scale and criterion, theory and empiricism. On balance, I believe the 
MMPI has measured up well. The final triumph of the MMPI against the challenge 
of a response-set reinterpretation may be seen to derive from this homely and homing 
concern with empirical anchor points.” (p. 129) 

University of Illinois Jerry S. WiGGINS 


Hypnotic Susceptibility. By ERNEST R. HiLGARD, with a chapter by Josephine R. 
Hilgard, New York, Harcourt, Brace & World, 1965. Pp. xiii, 434. $9.50 

‘This volume represents a major contribution to an understanding of the hypnotic 
phenomenon. It reports primarily on the work carried out by Dr. Hilgard and his 
group at Stanford in the years betweeri 1957 and 1964. In many ways, it is analogous 
to Hull's classic, Hypnosis and Suggestibility, which was the outgrowth of work 
done primarily within Hull's own laboratory. Such an undertaking has the virtue 
that the author speaks about studies which he knows intimately. Because a systematic 
program of research has been followed, it is possible to present data which were ob- 
tained in order to answer specific questions, and it also allows him to see other work 
in the perspective of his own research. Such a book is very much in contrast to 
Weitzenhoffer's (1953) Hypnotism: An Objective Study in Suggestibility, which 
attempted to review the sum total of empirical work by others systematically and to 
reconcile divergent findings. Where a survey like Weitzenhoffer's is almost com- 
pelled to take any given study at face value, Hilgard is able to view other research 
critically in the light of his own findings. 
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In the introduction, the author makes it clear that he does not intend to cover the 
very large literature on hypnosis, particularly the older literature; further, that the 
data reported are essentially those derived from work by his own laboratory. Ac- 
cordingly, he rarely presents data other than those obtained at Stanford, though the 
book is generous in crediting investigators elsewhere and frequently cites their con- 
clusions. The reader seeking to find a comprehensive, balanced treatment of hypnosis, 
from a variety of viewpoints, will be disappointed. For the student or the reader un- 
familiar with this field, it may be unfortunate that Professor Hilgard writes so lucidly. 
The maturity and sophistication of the book may tempt some readers to take it as a 
more general statement than the author intended. Certainly, he recognizes the many 
unresolved problems and does not attempt to put forth a unifying, central, theoretical 
position. Perhaps his strategy is the only appropriate one in a field as obscure as 
hypnosis. 

The research approach of the Stanford group is largely based on their systematic 
work in developing a variety of scales of hypnotic susceptibility. With these instru- 
ments it has been possible 4o ask, and partially answer, a number of questions about 
hypnosis in general, as well as about some specific phenomena such as amnesia. 
Studies involving the direct, experimental manipulation of hypnotic phenomena are 
rarely reported, a straightforward, correlational approach being generally preferred. 
This choice of method was partly dictated by the problem which has been the focus 
of the group's interest: What are the psychological correlates of hypnotizability? 
The ingenuity, perseverance, and clinical, as well as statistical, sophistication brought 
to bear on this problem are extremely impressive. Nevertheless, there has been a rela- 
tive dearth of positive findings. It remains a remarkable paradox that, despite the 
considerable success with which objective scales of hynotizability have been devel- 
oped and the remarkable stability of the phenomenon, solid personality correlates 
have failed to emerge. A salient contribution of the book is its documentation of 
this arduous search, despite the disappointing results to date. This should serve as a 
warning to the naive investigator who, on the basis of one study, feels that he has 
solyed the problem of psychological correlates of hypnotizability. In a highly thought- 
provoking chapter, Josephine Hilgard proposes reasons for the failure to find such 
correlates. Although it will be exceedingly difficult to test the hypotheses she presents 
in a rigorous manner, they do provide plausible reasons why the search thus far has 
been disappointing. 

This book is definitely recommended to any serious investigator or student as an 
eminently readable, sophisticated statement of the present knowledge about hyp- 
nosis, seen in the light of one laboratory's research. The incidental remarks about a 
philosophy of research, the difficulties encountered in approaching a complex prob- 
lem such as hypnosis, and the need for psychology to face up to such: problems are 
also of particular value and add to its significance. 

Department of Psychiatry Martin T. ORNE 

University of Pennsylvania 


Shift Work; The Social, Psychological, and Physical Consequences. By PAUL E. 
Morr, FLovp C. MANN, QUIN MCLOUGHLIN, and Donatp P. WARWICH. Ann 
Arbor, The University of Michigan Press, 1965. Pp. 351. $8.50. 

This book is recommended reading for all psychologists as well as the broad 
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group of social scientists. In addition, business men, interested in the social conse- 
quences of shift work as it effects their production and staffing, would do well to be 
familiar with this volume. A major difficulty is that the appropriate title "Shift 
Work” is likely to limit the appeal, circulation and reading by the many who could 
benefit from this book. 

The primary reason for being favorably impressed is that this volume is an en- 
compassing study on the effects that shift work has, not only on the worker, but his 
family, friends, and the community. In this respect, it can be considered the first 
meaningful and worthwhile research on the topic. 

The study is a good example of research, planning, and design. The authors have 
taken great pains to construct a plausible theoretical structure which becomes a basis 
for their inquiry. They have meticulously: considered independent as well as de- 
pendent variables throughout their thorough investigation of the social, psychologi- 
cal, and physical consequences of shift work. 

Surprisingly enough, they include a brief index of marital happiness that might 
well have wide and further applications. The authors ought to be congratulated for 
the effectiveness of integrating clinical psychology and industrial psychology in their 
study of the consequences of shift work. 

The book consists of eight chapters including: 1. "Background," 2. "Theory and 
Method,” 3. “Work Schedules and Family Roles," 4. "Shift Work, Marital Happi- 
ness, and Family Integration," 5. "Shift Work, Social Life, and Solitary Activities," 
6. “The Psychological Reactions to Shift Work," 7. “Work Schedules and Physical 
Health” and 8. "Summary and Conclusions." 


City College, C.U.N.Y. MiLTON L. BLUM 
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149. 
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242-249. 
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3 f; probability-learning in, 3 fo 
21; resistance to extinction in, 138- 
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529 f. j 
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524 ff., 529 f. ^ 
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apparatus, X-ray dosage, for, 318- 
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restraining apparatus for, 323. 
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Response-latency, pen, 322 f. 
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Arousal, affectivity in attitudes, meas- 
ured by galvanic skin response, 584- 
589. 

Attention, continuous auditory monitor- 
ing and, 470-474; reaction-time and, 
470-474; skin-conductance and, 470- 
474. 

Attitudes, arousal of, affectivity meas- 
ured by galvanic skin response, 584- 
589. 
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Auditory stimulus-similarity, spatial scale 
of, 531-541. 

Autonomic arousal, attitudes and, meas- 
ured by galvanic skin response, 584- 
589. 
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quired drive, 115; explanation of, 
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tion by humans, 102 f. 
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Edinger, Ludwig, 150 f. 

Gelb, Adhémar, 151, 

Janet, Pierre, 148. 

Külpe, Oswald, influence on Michotte, 
332, 334. 

Lashley, K. S., 152. 

Mach, Ernst, 501 ff. 

Müller, Johannes, 148. 

Watson, J. B., 147. 
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Poar ult lateral, adaptation to, 265-271. 
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scalar, 38-49. 

Conditioning, classical, in drive-acquisi- 
tion, 112 ff.; heart-rate in dog, effect 
of partial reinforcement on, 242-249; 
operant, apparatus for, in fish, 642- 
646. 


Conflict, effect on acquired drive, 111- 
115. 
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Constancy-hypothesis, 143; size-, binocu- 
lar vs. monocular, 281-284, cues and, 
283 f., distance and, 279-284, law of, 
vs. law of retinal size, 282 f., loss of, 
in monocular observation, 279-284, 
monocular, permanent vs. temporarily 
monocular, Ss, 283. * 

Consciousness, Piéron on, 149. 

Contour-perception, 501 f. 
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in, 328 f. 

Cortex, prerolandic, function of, 491-494. 
motor, functional mosaic of, 491-494. 
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Criterion-reversal, immature rat, and, 
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percentage on, 291-295; local adapta- 
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Culture, the unconscious and, 172. 
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450. 
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tice on, 463-469. 
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model of, 290. 
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Drive, acquired, based on conflict, 111- 
115; see Motivation; Reward. 


Economics, psychology and, 506 f. 
Effect, Tarchanoff, electrodes to measure, 
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Electrodes; see Apparatus: Electrodes. 

Emotion, arousal of, to attitudes, meas- 
ured by galvanic skin response, 584- 
589. 
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148. 
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550. 
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motion after-effect, 435-442. 
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sociate learning, 509 f. 
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by, 584-589. 
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151 f.: on brain-damage, 151 f. 
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499 ff.; properties of, 500. 
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Pigeon, 518-522, 526,:529 f. 
Quail, 519, 524 ff., 527, 529 ff. 
Rat, 3 f., 517, 519, 522 ff., 526, 529 f. 
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placed field, 286-290. 
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kinesthetic. 
Hatrack problem, description of, 390. 
Human psychology vs. animal psychol- 
ogy, Piéron on, 149. 
Humphrey, George, 657 f. 
Hypnosis, 667 f.; susceptibility to, 667 f. 
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lag-effect in, 377, 379, 381-388; 
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Image, psychological concept of, 195-199. 
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45, f.; visual form-perception, 62-72. 

Individual psychology, 155. 
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96; stimulus, choice-reaction and, 596- 
601; stimulus-set, in choice-reaction, 
596-601; unfavorable, effect on gal- 
vanic skin response, 584-590. 

Information-processing, cognition and, 
349 ff.; thought and, 349 ff. 
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Inhibition, lack of, in involuntary sac- 
cades, 73-81. 
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Extinction, resistance to, in fish, 138- 


143. 
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Familiarization in, 509 f. Y 
Fish, 138-143; habit-reversal in, 3 fẹ | 
partial reinforcement effect in, 
D 138-143; REUS 3 i 4, 93 fi 
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Habit-reversal, us fish, 3 £.; in rat, 3; 
Incidental, distraction in, 104-110. 
Information-level and, 89-96. 
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tion, 104-110. 1 
Linguistic processes in, 187-94. 
Maze, 4 f. 
Meaningfulness in, 509 f. 
Memory-interference, 181, 194. 
Non-linguistic processes in, 184-194. —— 
Ontogenetic comparisons, 3-23. -4 
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Span, visual, in the deaf, 480-484, 
Method: Adaptation-level, "anchorestim- 
"n and, 400-408. Anticipation, 105 


Bram vs. multiplication, 116- 

119, 

Introspection, 349; vs. objectivism, 
Piéron on, 149. 

Limits, critical flicker-frequency and, 
292, 294; vs. reproduction, in time- 
estimation, 562-567, 

gine vs. fractionation, 116- 

1 < 


Objectivism vs. introspection, Piéron 


on, 149. 

Paired-associates, 89-96, 107 ff.; dis- 
similarity of triangular forms by, 
260 f, 

Probe-stimulus, 111 ff. 

Reproduction vs. limits, in time-esti- 
mation, 562-567, 

Self-stimulation, 208-211 f. 

Staircase, analysis of data by, 652 ff.; 
critical examination of, 654 ff.; er- 
ror in, 655 f. 

Successive intervals, 62:72. 

Mr processes, higher, Michotte on, 


334 f. 
Mental. retardation, family study of, 346. 
Michotte, Albert, 331-341; portrait, fac- 
" 


Model, size-distance invariance, test of, 
568.575; stimulussimilarity, spatial 


cessive " 
rat, immature, 3-23, 

Moe onn. visual size-con- 
stancy 279-284. 

Motion after-effect, apparatus for, 437 ff.; 


central vs. 

455 ff.; retinal and, 435-442. 

ovement, E for recording, in 
runways, 128 ff. 

Map rule, in word-mixtufes, 

Music, esthetic pigments of, semantic 
differential zd 50 ff. 
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: Anderson, 


nr S Necrology. 
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Originality, 163. E; 
ion of horizontality and, 
24-37; role in vertical, 611 f. 
Overlap-hypothesis, John Anderson on, 


Palmar skin-conductance; see Skin-Con- 
ductance. 


PME reinforcement effect, in fish, 138- 
Patriotism, 503 f. 

: Action, Michotte on, 335. 
After-effects of; see After-Effects. 
Causality, Michotte on, 338 f, 
Conditioned reflex ser 166 f. 
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Contour, 301 f. 
effect of practice 


Displacement of visual . 
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ty in, 308 f. 
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Philosophical problems, 659 ff. 
Physiological psychology, Piéron on, 
149 f. 


Piéron, Henri, 147-150; on animal vs. 
human psychology, 149; on explana- 
tion in psychology, 148 f.; on ob- 
jectivism vs. introspection in, 149; 
portrait, facing, 3; on physiological 
psychology, 149 f. 

Pigeon; see Animal: Pigeon. 
Pitch-localization, anchor-effects in, 450- 
463; as a prothetic dimension, 463. 
Plethysmograph, photovoltaic, 304-308. 
Practice, depth-discrimination and, 464- 
469; level, effect on retroactive inter- 

ference, 183 f. 

Prediction, single random events, by past 
experience with population-samples, 
580-583; by sequential properties of 
series, 576-580; recensy-effects in, 
579-583. 

Pre-feeding, effect on drive, 6. 

Primates, laboratory for, 124-127. 

Probability-learning; see Learning: Prob- 
ability. 

Problem, hatrack, description of, 390. 

Problem-solving, in children, 342-344; 
function of hints in, 385-399. 

Proprioceptors; see Orientation; Otoliths; 
Vestibular system, 

Psychoanalysis, 661. 

Psychologische Forschung, 152. 

Psychophysical judgment vs. perform- 
ance-judgment, 50-61. 

Psychophysics; method of multiplication 
vs. fractionation, 116-119; staircase- 
method, analysis of data by, 652 ff, 
critical examination of, 654 ff, er- 
tors in, 655 £.; techniques of, 161. 


Randomization, human, of alphabetic, 
binary, and decimal characters, 97-103. 
Rapid €ye-movements; see Saccades. 
Rat; see Animal: Rat. 
Ratings, performance, 50-61; semantic 
differential, to music Passages, 650 
+3, word-mixtures, 82-88, 
Reaction-time; Choice, analogous to con- 
ditioning, 419 f.: stimulus informa- 
tion and, 546-601. 
Ready-signal and, 419-426, 
Serial, pattern of prior signals, and, 
551-559, 
Skin-conductance and, in 
monitoring task, 470-474, 
Reading, bilingual, 357-361; error, in 
bilingual material, phonological, 368 
f; speed of, under restricted letter- 
Span, 272-278. 
Reafferent stimulation, 270. 
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auditory 
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Recall, generic stimuli, 250-257; repeti- 
tion and, 357. 

Recognition, meaningful material under 
restricted letter-span, 272-278; visual, 
89-96. 

Reference-groups, 172. 

Reflex, conditioned, and perception, 166. 

Regional sign, Michotte on, 333. 

Reinforcement: Partial, effect on con- 

ditioned heart-rate in dog, 242-249, 
Percentage of, effect on resistance to 
extinction in rats, normal and de- 
».corticated, 542-550. 
Positive vs. negative systems, in rat, 
205-216. 
Verbal, 229 f. 

Response-set, 666 f. 

Retardation, mental, family study of, 
346 f. 

Retina, neural networks in, 501 ff. 

Retroactive interference, 182-186. 

Reward, effect on habit-reversal, visual, 
in rat, 527; see Reinforcement. 

Rotation, prolonged, perception of visual 
horizontal in normal and labyrinthine 
defectives in, 608. 

Rule-learning, effect on performance, 
451-457. 


Saccades, involuntary, lack of inhibition 
during, 73-81. 

Scale: Esthetic judgments with, 650 ff. 
Models of, 531 f., 535.541. 
Polarity of concepts on, 301 ff. 
Semantic differential, fittingness on, 

301 ff. 

Spatial, auditory similarity, 531-541. 
Weight, 116-119. 
Wordness, on, 301 ff. d 

Self-stimulation, positive and negative 
reinforcement-systems, in rat, 205- 
216; thresholds of, 211 f., 214 f. " 

Semantic differential; see Scale: Semantic 
Differential. 

Sensation, light, through skin-receptors, 
324-328. 

Series-structure, serial reaction-time and, 
551-559. 

Set, response-, 666 f. 

Shift work, physical, psychological, and. 
social consequences of, 660 f. n 
Similarity, in paired.associate learning, 

509 f. 


Size, perception of, 234-241. j 
Size-constancy, law of, vs. law of retinal 
image, 282 f. 

Size-distance, invariance hypothesis, test 
of, 568-575. 
Skin-conductance, 
to measure, 


potential, apparatus 
309-313; reaction-time 


INDEX 


and, in auditory monitoring task, 470- 
474; sensation of light by, 324-528. 

Social behavior, 664 ff 

Social psychology, 155. 159 ff., 169 f. 

Social reference groups, 172. 

Social relations, unconscious in, 172. 

Social science, epistemological basis of, 
155. 

Society, unconscious and, 172. 

Space, tactual perception of, Michotte 
on, 333; discrimination, binocular, ef- 
fect of practice on, 463-469. 

Span of apprehension, 272. * 

Statistics, 171. 

Stereoscope, 485 ff. 

Stereotaxis, à homemade, 647. 

Stimulus, judgment of, 197-203. 

Stimulus-generalization, psychological 
distance and 261 f. 

Stimulus-information, choice-reaction 
and, 596-601. 

Stimulus-materials, apparatus to present 
314-317. 

Stimulus-set, information and, in choice- 
reaction, 596-601. 

Stimulus- similarity, 
531-541. 


spatial scale of, 


Talking, bilingual, 357-376. 
Tarchanoff effect, apparatus to measure, 
309-313. 6 
Thought, 169; chess and, 348 f; chil- 
dren and, 342-344; information-pro- 

cessing and, 349 ff. 

Time, judgment ot, inter-stimulus de- 
lay and, 560, 565 ff.; method on, 560, 
563-567. 

‘Time-estimation, 
duced body-temperature, 
ation and, 628-631; reduc 
temperature and, 475-479; 
modality and, 628-631. 

Tissue-density, plethysmograph 
brated for, 304-308. Ayon: 

Training; habit-reversal, visual, in pig- 
eon, 518-522, 526, 529 f. in quail, 

324 ff, 527, $29 f, in rat, 317 


divers and, under re- 
475-479; dur- 


body- 
stimulus- 


cali- 


519; 
519, 522 f., 526, 529 f. 

"Transfer, negative, habit-reversal and, 
in pigeon, 527 ft. in quail, 5 


in rat, 527 ff. as 
Translation, errors in, with bilingual 
material, 369 f, 371; 374. 
Uncertainty, behavior and, 665; deci- 
sion-stage and, 89-96. 
Unconscious, the, 163 fa 172. 
Understanding, 660. ote 
Unity, level of, effect on retroactive in- 
terference, 184 f. 
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"Vasomotor activity, apparatus to mea- 
sure, 304-308. 

Verticality, perception of, ocular domi- 
nance and, 632-636. 

Vestibular system, perception of hoti- 
zontality, 24-57. 

Vision: Binocular, perception of vertical 
in, 632-636; suppression in, 625- 
627. 

Inhibition, lack of, during involun- 
tary saccades, 73-81. 

Monocular, perception of vertical in, 
632-636. 

Ocular dominance, perception of ver- 
tically and, 632-636. 

Orientation, 25-57. 

Recognition in, 89-96. 

Size-distance invariance 
test of, 568-575. 

Stereoscopic, esuppression in, 623-627. 

Visual after-effects, expansion and con- 
traction, fixation and, 618-622; mo- 
tion, 435-442. 

Visual angle, illusion. of size and, 145 

ff.; judgment of, 234-241. 

Visual deformation, adaptation to, 71, 
443-450. 

Visual displacement, after-effect of, 286- 
290; errors under, 286-290. 

"Visual field, distortion of, 71, 443-450. 

Visual habit-reversal, pigeon, effect of 
training on, 518-522, 526, 529 f; 
quail, 519, 524 ff., 527, 529 f.; rat, 
519, 522 ff., 526, 529 f. 

Visual horizontal, perception of, in nor- 
mal and labyrinthine defectives, 608- 
612. 

Visual memory-span, in deaf, 480-484. 

Visual reaction-time, pattern of prior 
signals and, 551-559. 

Visual search, apparatus to film, 488 f. 

Visual  size-constancy, binocular vs. 
monocular, 281-284. 

Visual space-perception, stereoscope for, 
485 ff. 

Visual stimuli, apparatus to present, 314- 


hypothesis, 


AT. ; 
Voice, intensity of, and activation-theory, 
226-233. 


War, nationalism and, 503 f.; patriotism 
and, 503 f. 

Weight, scale of, 116-119. Tm 

Word-mixture, ‘adverbs as multipliers, 
82-88. ih 

Word-order forms, bilingual, 358 ff. 


X-rays, apparatus for brief doses of, for 
18 f. we 
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